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ABSTRACT 
By undertaking theoretical analysis and gathering empirical evidence through country 
studies and questionnaires, the PhD investigates how to regulate biofuels with 
sustainability in mind. 
The conceptual framework of the thesis examines the drivers for, as well as the barriers 
to, biofuels within the EU. The analysis identifies various non-technical and technical 
factors, which are divided into six categories: Environmental, Institutional, Technical, 
Social, Economic, and the Carbon Economy. Proven drivers and barriers are classed as 
practical, whereas unproven factors are classed as theoretical and thus present a void in 
research to be tested in the case studies. 
Three countries are examined - the UK, the US and Brazil. Each case is divided into 
four parts: Part One (A) examines the institutional setting, in terms of the policy and 
regulatory instruments implemented for biofuels; Part One (B) examines the 
implementation effectiveness of each lead instrument; Part Two examines the biofuels 
used in order to fulfil policy targets, including the feedstock from which these are 
produced and the relationship between domestically produced fuels and imports; Part 
Three applies three sustainability indicators (GHG emission reduction; Land Use; and 
Water Consumption) to the dominant biofuel feedstock used in order to assess the 
sustainability profile of each lead instrument; and Part Four addresses the identified 
theoretical drivers and barriers — by applying a proposition statement to each factor and 
testing the 'truth' value of this within each country. Throughout all case studies, policy 
effectiveness is related to market development and policy results. 
Based upon the practical drivers and barriers analysis and the empirical evidence 
gathered during the three studies, as well as stakeholder validation, recommendations 
for a new policy and regulatory framework aimed at promoting environmental 
sustainability for biofuels is put forward. 
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USDA 	United States Department of Agriculture 
US RFA 	United States Renewables Fuel Agency 
UK 	 United Kingdom 
UK RFA 	United Kingdom Renewables Fuel Agency 
VBETC 	Volumetric biodiesel excise tax credit 
VCS 	Voluntary Carbon Standard 
VERs 	Voluntary emission reductions 
VEETC 	Volumetric ethanol excise tax credit 
WTO 	World Trade Organisation 
WTW 	Well-to-wheel 
WVO 	Waste vegetable oil 
WWF 	World Wildlife Fund 
22 	 
DEFINITIONS 
A fuel derived from biomass. The term covers solid biomass, 
Biofuel 
	
liquid fuels and various biogases (although for the purpose of 
this thesis refers to only liquid fuels). 
A renewable energy source made from biological material from 
Biomass 	 living or recently living organisms, such as wood, waste, 
(hydrogen) gas, plants and alcohol fuels. 
Ex-ante 
	 A Latin term meaning 'before the event'. For the purpose of this 
thesis, it refers to evaluation prior to policy implementation. 
Ex post 
A Latin term meaning 'after the fact'. For the purpose of this 
thesis, it refers to the evaluation of policy after implementation. 
The collective group of conventional biofuels process 
First Generation 	technologies which are made from sugar, starch, seeds, grains, 
Biofuels 	 and vegetable oil or animal fats. These are currently 
commercially available. 
The collective group of biofuels process technologies which are 
Second Generation 	made from non-food crops, including waste biomass (cellulosic), 
Biofuels 	 the stalks from wheat, corn, wood (lignocellulosic) and special 
biomass crops. These are not yet commercially available. 
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1 INTRODUCTION 
`Transport is the worst offender for releasing greenhouse gases into the 
atmosphere and governments must do more to cut emissions.' 
Richard Kinley,' 
Doyle (2006) 
Road transport is a vital element of the United Kingdom (UK) economy and as such has 
become an inherent feature of our lifestyle. The freedom it brings is a greatly valued 
commodity. For example, one can travel and work further-afield whilst still regularly 
seeing family, as well as exploring different regions of our country. However, due to 
the release of carbon dioxide (CO2) into the atmosphere resulting from the burning of 
fossil fuels in the internal combustion engine, the growth of transport is having 
momentous environmental consequences. The energy future that we are creating 
around this sector therefore seems unsustainable. Recent decades have witnessed 
increased concern over the environmental effects of transport, which is reflected in an 
upsurge of policy instruments (Steenberghen and Lopez, 2008). Despite efforts devoted 
to environmental abatement policies in the form of international agreements such as The 
Kyoto Protocol, or EU Renewable Energy Directives, the challenges are significant. 
For example, although new cars are becoming more efficient with innovation in 
technology, emissions continue to increase and traffic growth outstrips efficiency gains. 
In the competitive field of transport services, cost is an important concern. Thus, the 
financial consequences of regulation should be balanced against the need to tackle the 
emissions that cause climate change. The result is a significant increase in greenhouse 
gas (GHG) emissions from the transport sector. 
The transport sector is the largest energy consumer in the UK, accounting for 35.5% of 
final energy consumption in 2008 (MacLeay, 2008). The share of this energy imported 
from third countries is increasing as fuel demand far outstrips domestic fuel production, 
a trend which is set to continue. This trend threatens not only domestic energy security 
but also the UK's progress towards international commitments such as the GHG 
1 Officer-in-Charge of the UNFCCC (United Nations Framework Convention on Climate Change) 
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emissions requirements that feature in the Kyoto Protocol, which requires a greater use 
of renewables from sustainable sources. The convergence of risks over the supply of 
fossil fuels for the sector, coupled with an increasing global recognition that GHG 
emissions from industry and transport are largely responsible for climate change are 
strong arguments to enhance the use of cleaner and energy effective technologies and 
alternative fuels. This has led to a political consensus that alternative fuel options must 
be developed and implemented. Pursuant to this, it is recognised that current, fuel-
based, transport technologies are no longer sustainable and alternatives are being 
developed. 
Among various renewable energy sources, biofuels have a distinctive role to play 
because despite heavy criticism in recent years they are the only direct substitute for 
fossil (oil-based) fuels commercially available at present; without these fuels, petroleum 
derived fuels would remain as the overwhelming option. Biofuels have the potential to 
be unique in that they have the ability to address concerns about GHG emissions and 
energy security, whilst also increasing demand for local rural activities. Taking this into 
account, it is sensible that a viable biofuels industry in the UK should be developed to 
meet growing demand. For these reasons, the use of biomass-derived transport fuels 
has acquired mounting political support in the UK and European Union (EU) over the 
last few years and favourable legislation, plus new technologies, makes bioenergy an 
increasingly attractive energy source for European Member States (MSs). However, 
many policies established at both the European and national level are based largely on 
setting ambitious targets for biofuels to supply a proportion of overall transport fuels 
rather than considering the environmental consequences that could occur as a result of 
unsustainable feedstocks. This can be seen in policies such as the EU Biofuels 
Directive (which sets a 5.75% target for 2010) and the Presidency Conclusions (which 
set a 10% obligation for biofuels use in the EU-27 for 2020). Recent policy captures 
environmental concerns within its design, for example the EU Renewable Energy 
Directive and the UK Renewable Transport Fuels Obligation, but these are simply not 
enough to achieve the level of sustainable development required. Without little doubt, 
the expansion of biofuels production and consumption will depend heavily on 
governments and international bodies implementing the right policies, legislation and 
implementation frameworks in order to stimulate market development. In this regard, it 
is hoped that sustainability needs will also be built into such measures. 
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1.1 	PROBLEM STATEMENT 
Biofuels market share remains small in comparison to energy supplied by conventional 
fossil fuels to the transport sector in the UK. Despite the many drivers that exist to 
encourage biofuels development, such as purported environmental benefits and climate 
change mitigation, they have been confronted with many barriers to their deployment, 
including but not limited to their high cost relative to fossil fuels and their negative 
public image. If biofuels are to fulfil their potential, they must attain a larger market 
share, as alternative fuels will only be able to achieve the desired market penetration if 
they are widely available and competitive. Drivers and barriers to biofuels policy 
implementation have consequently received increased indirect and incremental attention 
in recent years (for example, Bomb, 2005; Deurwaarder, 2005; Fagernas et al., 2006). 
With the intention of contributing to this on-going policy debate, this thesis identifies 
and analyses drivers and barriers behind bioenergy implementation. It also seeks to 
address current policy and regulatory mechanisms with the aim of overcoming these 
barriers. Careful analysis of such barriers and policy/regulatory instruments can 
hopefully turn opportunities for biofuels into successes and in turn, accelerate the shift 
to bioenergy use. 
However, care must be taken in selecting policies to overcome barriers, as they are not 
simply reducible to consumption targets but the wider sustainability of the biofuels 
deserves policy attention. For example, many policy and regulatory choices selected in 
the case study countries have proven to be highly effective in providing efficient market 
based mechanisms for the delivery of biofuels, in terms of biofuels consumption and 
implementation results; however, nearly all have failed to ensure that biofuels have 
reached the twin objectives of contributing to climate change mitigation and sustainable 
development. In particular, government support mechanisms have been justified on the 
grounds that biofuels can deliver considerable net reductions in GHG emissions 
compared to fossil fuels, although evidence to this effect is limited. There is currently 
little consensus on much of the new evidence surrounding GHG emissions and other 
environmental effects of biofuels and there are widely diverging views on the 
sustainability of current and future biofuels targets (for example, Searchinger et al., 
2007; UK RFA, 2008a). Moreover, biofuels targets and support policies should be 
underpinned by robust scientific evidence. To this end, it has become clear that an 
appropriate focus for PhD research lies in attempting to devise a policy and regulatory 
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framework, comprised of a mixed instrument approach, within which sustainability 
criteria could be incorporated. 
1.1.1 	Hypothesis 
Taking the above into account, the hypothesis for this thesis is as follows: 
Existing regulatory and supporting policy frameworks fail to take account of all the 
practical and theoretical drivers and harriers affecting the biofuels sector and are 
consequently inadequate to the task of placing biofuels on an environmentally 
sustainable trajectory. 
This hypothesis is founded on the basis that governments in the case study countries 
have approved and implemented various policy and legislative measures for biofuels; 
however, have done so without due consideration of the evidence as to the drivers and 
barriers affecting biofuels policy implementation and resultant market penetration. As 
such, the specific measures chosen were not wholly suitable for the task for which they 
were created. This hypothesis thus opens the idea that a more comprehensive and all-
encompassing analysis of the drivers and barriers to biofuels is needed in order to build 
an evidence-base on which to focus future policy and regulatory design. This also 
assumes that an empirical examination of theoretical drivers and barriers to biofuels can 
amend existing theory. The latter half of the hypothesis introduces the theme of 
sustainability to the research and is founded on the fact that, to date, current policy and 
regulatory mechanisms have failed to sufficiently account for environmental 
sustainability in their design, thus offering a void in research to be addressed by the 
author. 
1.2 JUSTIFICATION 
1.2.1 Road Transport as a Focal Point 
After years of wide disagreement, scientists and governments alike are now facing up to 
the challenge of climate change. The rationale of this thesis is aimed at the current 
situation in Europe and the UK, where perceptions of the benefits and disadvantages of 
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road transport are quickly shifting. As a society, we are experiencing reduced benefits 
due to oil price increases, such as increased transport costs, while our consciousness of 
transport's external environmental costs is stirring. As such, a need to tackle transport 
emissions is now recognised as essential, being a growing source of the GHGs that 
contribute to global warming. More research is required on other renewable energy 
sectors and technology, but there is also a very important need to explore the policy and 
regulatory mechanisms that essentially control whether or not these technologies 
achieve market penetration. New research pertaining to environmentally sound biofuels 
and policy may be highly useful in efforts to devise national and international strategies 
alike, to address the ever-increasing threat increased traffic presents. This is occurring 
at a time when interest in market-based policy and regulatory mechanisms centred on 
energy and related-services is prevalent. Consequently, a critical evaluation of such 
policies, their impacts, and the different stakeholders involved in their development and 
implementation, along with information to support the development of clear guidelines 
and design, is well timed and logical. 
1.2.2 Drivers and Barriers 
The undertaking to investigate barriers to biofuels in the UK is justified by the 
importance and relevance not only of domestic energy security but also to the European 
Community (EC) as a whole, particularly in light of the limitations of conventional fuel 
sources in the transport sector. Recent decades have witnessed the upsurge of a wide 
variety of policy options to overcome barriers for the market penetration of transport-
related technology developments. The justification for this research can therefore be 
found in a host of analytical documents of environmental policy, regulatory instruments 
and academic literature. For example, in 2003, the European Parliament and the 
Council adopted the Biofuels Directive (Directive 2003/30/EC) — on the promotion and 
use of biofuels and other renewable fuels, hereafter referred to as the Biofuels Directive. 
The Biofuels Directive requires each MS place 2% biofuels, of all transport fuels on the 
market, by 2005: reaching 5.75% by 2010, although deviations are possible if justified 
(EC, 2003a). In 2005, the Energy Centre for the Netherlands (ECN) published a report 
detailing reasons for MSs deviations and many barriers to the implementation of 
biofuels were found to remain (Deurwaarder, 2005). The report showed that EU 
legislation was failing in terms of delivering the expected implementation results 
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necessary for biofuels within the EU-bloc, with many MSs such as the UK failing to 
reach targets. Additionally, a review of the Directive in 2006 indicated that, whilst the 
objective of promoting biofuels is still valid, many barriers need to be overcome if 
biofuels are to achieve the goals they were intended for (Londo et al., 2006). 
Subsequent to this, research conducted by the Bioenergy Network of Excellence (NoE) 
in 2006 highlighted that there are many comprehensive opportunities for the 
development of bioenergy in Europe, but that there were a significant amount of non-
technical and technical barriers remaining (Fagernas et al., 2006). Additionally, a report 
by the House of Lords further highlighted the non-harmonious situation across the EU-
bloc with regards to implementation of the Biofuels Directive, targeting the UK as one 
of the worst offenders (House of Lords, 2006). More recently, the EU Presidency 
Conclusions (EC, 2007a) and the Renewable Energy Resources Directive (EC, 2008a) 
have both imposed a 10% biofuels target by 2020. The public consultation pertaining to 
these targets in April 2007 (EC, 2007b) recognised these targets as inherently 
problematic and unlikely to be met, given current barriers and implementation rates 
across the EU. 
In view of this, whilst it is recognised that there are many political and legislative 
drivers for biofuels, it has been argued that these are insufficient to secure the place of 
biofuels in the market. The Bioenergy NoE report however, further emphasized that EU 
policies and regulations are, and can be, important drivers for bioenergy development in 
EU countries (Fagernas et al., 2006). Steenberghen and Lopez (2008), in their 
discussion surrounding barriers to alternative fuels in Europe, further assert that some 
market barriers are common to new technologies but can be overcome through adequate 
policy measures at the European and national level. 
It is submitted that there has thus far been insufficient attention to a more sophisticated 
mixed instrument approach for biofuels; taking into account the various and wide-
ranging drivers and barriers to them, including in the fields of economics, legislation, 
and voluntary agreements. The literature therefore demonstrates the current void in 
policy and regulatory research that exists, providing sound justification for such an 
analysis as this thesis proposes. To date (2010), no structured framework has been 
presented that identifies the most important drivers and barriers to biofuels in such a 
hypothesized manner. It is proposed that for such an analysis of the important factors 
	 30 	 
associated with biofuels market penetration and implementation, a comprehensive 
foundation is needed; one based on theory and practice. Such research could be useful 
not only for researchers, but for all stakeholders and particularly decision-makers at 
national and higher levels. 
1.2.3 Environmental and Sustainability Assessment of Policy 
Since the 1990s, the use of economic and other market based policy mechanisms has 
grown considerably in the developed and the developing world, with the intention of 
addressing environmental issues. For example, there have been a number of policies 
employed for environmental mitigation including command and control measures, 
subsidies and taxes. Policy instruments for biofuels are being implemented for 
environmental reasons and are thus environmental mechanisms. A central issue for 
consideration in any policy assessment is therefore an evaluation of the effects, or rather 
effectiveness, of the market mechanism studied, i.e. its environmental impact. As early 
as 1991, the Organisation for Economic Development (OECD) council 'on the Use of 
Economic Instruments in Environmental Policy' (January 1991) asked MSs 'make 
greater and more consistent use of economic instruments' but also instructed the 
Environment Policy Committee 'to provide information regarding their effectiveness in 
achieving specific environmental objectives' (OECD, 1991; cited in OECD, 1997). 
Thus, the growing number of practical applications of these instruments (in the case of 
this research, instruments to encourage biofuels use), provides the opportunity to learn 
more about how these instruments function and about the circumstances in which they 
appear to be effective and as is the case for this research, how to evaluate whether the 
employed mechanisms are indeed achieving their desired objectives. In line with this, 
the author wishes to make a positive contribution to this research field and understand 
how policy and regulatory mechanisms could be refined to maximise the positive 
environmental outcomes and minimise the negative ones. 
Indeed, the OECD (1997) believes that an assessment of the effectiveness and 
efficiency of economic and regulatory instruments for environmental protection is a 
building block of comprehensive environmental policy evaluation. Accordingly, such a 
systematic analysis or evaluation of practical experience can perform a number of 
different functions, namely: 
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I. Evaluations of evidence on the performance of policy instruments can help to 
improve the administration of current policy; 
II. Evaluations of practical experiences can also improve the choice of instruments in 
future policy, by showing the advantages and disadvantages of particular 
instruments in actual operation; 
III. In addition, evaluations can provide evidence on the functioning of the political and 
policy processes, to ensure that they translate policy intentions into practice as 
effectively as possible; and 
1V. Evaluation may also contribute to better communication and information of 
stakeholders and the public on the purpose, operation and effects of policy (OECD, 
1997). 
`In each of these ways, evaluation studies can contribute to a better design and 
implementation of environmental policies in countries concerned. There may 
also be important benefits to other countries, which can learn from the practical 
experience of countries which have implemented particular policies.' 
(OECD, 1997) 
As such, it is argued that there are significant gains to be had from such an evaluation of 
the outcomes of biofuels policy, and indeed from the evaluation of policy more 
generally. However, at the European and UK level, there appears to be little experience 
in carrying out such assessments, particularly for renewable energy and biofuels policies 
and regulations. Even more importantly, there is even less experience in feeding the 
results of any policy analysis back into policy formation and implementation. With the 
attention that has recently been given to the implementation of biofuels policies and 
their effects, it can be expected that the role of conducting such an analysis would be to 
build an evidence base on which to engage in future policy design and aid decision 
makers. For this reason, the environmental sustainability assessment of this research is 
deemed logical and justified. Moreover, sustainability should form part of the policy 
assessment in order to ensure the most appropriate scientific evidence base is collated 
for policy and regulatory design. 
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1.3 	RI SEARCII AIM; QUESTIONS AND OBJECTIVES 
Taking the gaps in knowledge discussed above into account, this thesis aims to address 
the significant void in literature and research by conducting a critical, cross-instrument 
assessment of policy and regulatory instruments in the UK, United States (US) and 
Brazil. In doing so, a model framework aimed at stimulating sustainable biofuels could 
then be translated into policy and regulatory recommendations for decision-makers. 
Accordingly, the thesis concentrates on the following main aim: 
Identify drivers and barriers to the market penetration and implementation of 
biofuels policies in Europe, in order to overcome barriers and design a multi-
policy and regulatory framework for advancing environmental sustainability 
for the UK 
In order to present a rational (and defensible) solution to the abovementioned aim, the 
research can be broken down into five main research areas, each with specific questions 
and individual objectives to be addressed, as follows: 
RESEARCH AREA 1: EU REGULATORY PARADIGM  
RQI: What is the regulatory paradigm in the EU with regards to climate change and 
renewable energy? How does this encourage or discourage market penetration 
of biofuels technologies? 
The objectives developed to serve this assessment are to: 
Explore the regulatory paradigm within the EU, in terms of climate change 
and renewable energy policies; 
Critique the legislative instruments specifically addressing biofuels within the 
EU, including an evaluation of their implementation; 
Examine how the specific policy and legislative measures act as either a driver 
or a barrier towards biofuels development in the EU; and 
Examine how other policy fields have acted or interacted in the EU, to create 
drivers or barriers for the development of biofuels. 
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After an elucidation of the methodology for the thesis in Chapter Two, the above 
objectives are addressed in Chapter Three of the thesis. 
RESEARCH. AREA 2: DRIVERS AND BARRIERS  
RQ2: What are the main opportunities (drivers) and challenges (barriers) facing the 
development and market penetration of first generation (FG) biofuels, in the • 
EU? 
The specific objectives that respond with this question are to: 
Review existing literature and identify the drivers and barriers to FG biofuels, 
in terms of transposing the current regulatory framework at MS-level and 
turning this into effective market penetration, in the EU; 
Obtain stakeholder validation of the identified drivers and barriers by means 
of a survey; 
Separate drivers and barriers into either practical (i.e. proven) or theoretical 
(i.e. unproven) and present a detailed catalogue of both; 
Design a methodological framework with which to empirically test the 
theoretical drivers and barriers in the case study jurisdictions; 
The above objectives are addressed in Chapters Two and Four, as well as Chapters Five 
to Seven. 
RESEARCH AREA 3: .POLICY AND REGULATORY FRAMEWORKS FOR BIOFUELS  
RQ3: What are the regulatory and policy frameworks that have been implemented in 
other jurisdictions? Of these, which have been successful in terms of 
implementation, which have not, and why? 
The objectives for this research area are to: 
Gain an understanding of the evolution of government policies in the biofuels 
sector and critically analyse policy and regulatory mechanisms that have been 
implemented in three chosen case study jurisdictions — the UK, the US and 
Brazil; 
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Examine empirical material and gain stakeholder expertise and opinion as to 
the most successful policy and regulatory mechanisms, in order to identify the 
most promising, which are the most easily accepted, and which have been 
effective with regards market penetration; 
Discuss whether the regulatory and policy mechanisms implemented thus far 
contributed to the development of biofuels technologies, as they are today; 
—> Design a methodological approach to evaluate the implementation of 
regulatory and policy mechanisms in each case study region; 
From literature sources, examine which is the dominant biofuel encouraged by 
the main policy or regulatory instrument in each region, differentiating 
between domestically produced biofuels and imports; and 
Present the key political lessons from these studies with the aim of developing 
biofuels industries, and how these lessons can be applied in Europe. This will 
aid policymakers in designing and adapting their national policies. 
These objectives will be covered in Chapter Two, as well as Chapters Five to Seven of 
the thesis. 
RESEARCH AREA 4: SUSTAINABILITY  
RQ4: What is the sustainability impact of current regulatory and policy frameworks in 
the UK, US and Brazil? 
The objective for this research question is to: 
Understand the context and evolution of policy and regulatory responses in 
different jurisdictions; 
Inform the design of a set of sustainability indicators that can be applied to 
each case study jurisdiction in order to determine the sustainability of the 
dominant biofuel and main policy instrument. 
These objectives are addressed in Chapter Two, as well as Chapters Five to Seven. 
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RESEARCH AREA 5: DESIGNING A POLICY AND REGULATORY FRAMEWORK  
RQ5: What should be the main features of an integrated, mixed instrument, policy 
framework aimed at promoting environmentally sustainable biofuels? 
The objectives of this area are to: 
Critically evaluate and compare all four case studies, in terms of market 
penetration of fuels, implementation of policy and regulation and 
sustainability profiles; 
Gain the perspective of stakeholders on the policy and regulatory ideas and 
conclusions drawn from the research, by means of surveys and interviews; 
Examine how a better mix of policy and regulatory instruments can be 
developed, taking into account revised theory and sustainability issues; 
Devise policy and regulatory options for biofuels in the UK 
These objectives are addressed in Chapter Eight of the thesis. 
DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS  
Discuss the main topics of the thesis, including drivers and barriers, policy and 
regulatory instruments and their implementation, sustainability and validation 
of the model approach; 
Summarise with a list of conclusions that can be derived from the above; and 
Summarise the originality of the research, presenting with this a critique of the 
thesis; and 
Provide recommendations for further areas of research. 
These objectives will be achieved through the research presented in Chapters Nine to 
Ten. 
By achieving these objectives and synthesising the findings of the various facets of the 
work, the author aims to explore policy and regulatory solutions for the evolution of the 
existing market, policy and regulatory framework for FG biofuels within the UK; in 
order to offer support to the next generation of biofuels Second Generation (SG), as a 
more sustainable solution to road transport. The intention is to provide independent and 
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authoritative answers on a transparent basis, so that stakeholders and supported 
government institutions can make informed regulatory and policy decisions for the 
sustainable innovation of biofuels; as derived from specific country studies. 
1.4 THESIS STRUCTURE 
In summary, the main text of the thesis is divided into five parts, comprising ten 
chapters, the planned content of which is as follows: 
PART I: INTRODUCTION AND METIIODOLOGY  
Chapter One: Introduction 
Chapter One presents the background to the research, incorporating arguments for the 
production and consumption of biofuels, including the current policy problem they 
pose. Research questions, aims, objectives and scope are introduced. 
Chapter Two: Empirical Methodology 
Chapter Two puts forward the interdisciplinary, quantitative and qualitative, 
methodological tools chosen and designed for this study. 
PART II: LITERATURE REVIEW AND CONCEPTUAL FRAMEWORK  
Chapter Three: The E.U. Regulatory Paradigm 
Chapter Three establishes the basic background of the thesis in terms of the EU 
regulatory paradigm. Presented in four parts, Part One discusses the policy and 
regulatory framework background, incorporating climate change political mitigation 
strategies, as well as renewable energy policies affecting biofuels. Part Two presents 
the specific biofuels policy initiatives and legislation of the EU whereas Part Three 
discusses implementation of these; more specifically, the EU Biofuels Directive. Part 
Four further examines the discussed policy and regulatory mechanisms as drivers or 
barriers. 
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Chapter Four: Conceptual Framework; Practical and Theoretical Drivers and Barriers 
The conceptual framework for this study - drivers and barriers to the market penetration 
of biofuels in the EU - is presented in Chapter Four. Divided into two parts, Part One 
presents the practical (proven) drivers and barriers, whereas Part Two presents the 
theoretical (unproven); the latter of which provides a list of drivers and barriers to be 
empirically tested in the case studies. 
PART III: CRITICAL ANALYSIS OF CASE STUDIES  
Chapters Five to Seven: Critical Analysis of Government Support for Biofuels in: the 
UK, the US and Brazil 
Chapters Five to Seven present the three case studies of the thesis, each which follows 
the same format and structure. The relevant chapters are divided into five sections; 
Section One (A) presents the Institutional Setting and Section One (B), Policy 
Implementation. Section Two discusses Biofuels Distribution, Feedstock and Trade. 
Section Three presents the Sustainability Profile for each country. Section Four 
presents the Theoretical Drivers and Barriers analysis and Section Five discusses 
Empirical Lessons. 
PART IV: POLICY DESIGN 
Chapter Eight: Policy and Regulatory Framework 
Taking the policy problems identified in Chapters Three to Seven, Chapter Eight 
presents a proposal for a new policy framework for biofuels. Aimed at ensuring 
environmental sustainability, this is divided into seven Sections: Institutional, 
Economic, Technical, Environmental, Social, Trade and the Carbon Economy. 
PART V: DISCUSSION, VALIDATION AND CONCLUSIONS  
Chapter Nine: Discussion 
Chapter Nine provides a discussion of the main topics of the thesis, including drivers 
and barriers, policy implementation effectiveness, sustainability of policy and 
regulatory mechanisms and validation of the policy framework; as well as a critique of 
the model approach. 
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Chapter Ten: Conclusions and Recommendations for Further Work 
Chapter Ten delineates the main conclusions of the research. A justification of the 
originality of the work and hoW this may advance the development of tools for policy 
and regulation is presented before recommendations for further research concludes 
Chapter Ten and the thesis. 
1.5 	CI IAP1 ER SUMMARY 
This chapter has introduced the research task, its aims and objectives, as well as 
explaining logically why this is justified and necessary. It has also introduced the 
themes of research, namely drivers and barriers and environmental sustainability in a 
policy context; thereby introducing the need for an empirical methodology for this task, 
which is presented in the subsequent chapter. 
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2 METHODOLOGY 
2.1 INTRODUCTION 
The primary problem that this thesis seeks to address is the inability of governments 
thus far to account for all the drivers and barriers to biofuels market penetration when 
designing policy, in particular the failure to address the issue of environmental 
sustainability. In order to address this issue, the research requires the development of 
an innovative policy evaluation methodology by which the author could conduct ex-post 
evaluation of biofuels regulatory paradigms against market penetration and 
sustainability achievements. However, the subject of this thesis and the discipline of 
policy and regulatory instrument evaluation is not an exact science and certain 
indicators, beyond GHG emissions reductions for example, are not quantifiable. 
Moreover, the perceptions of policy outcomes of an instrument are often subjective, 
although this does not mean these factors are any less important (Davies, 2009). Policy 
analysis is consequently methodologically diverse, using both qualitative and 
quantitative techniques — the aim of Chapter Two is to discuss the various techniques 
employed for PhD research. The details of each technique are highlighted in Table 1, 
along with the corresponding sections in which they are discussed. 
Table 1: Qualitative and Quantitative Methods Employed for PhD Research 
Qualitative Methods Quantitative Methods 
Evidence-based policy analysis (2.2) 
Literature review (2.3) 
Drivers and barriers evaluation (2.5.1) 
Policy implementation evaluation (2.5.2) 
Surveys (2.3.1, 2.5.1, and 2.7) 
Sustainability indicator assessment 
(2.5.3) 
	 40 	 
Figure I: Evidence-based Policy Analysis 
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2.2 	EVIDENCE-BASED POLICY ANALYSIS 
The 1999 UK White Paper - Modernising Government — noted in reference to policy 
design and evaluation that governments 'must produce policies that really deal with 
problems, that are forward-looking and shaped by evidence rather than a response to 
short-term pressures; that tackle causes not symptoms' (UK Government, 1999: p15); 
further stating 'this government expects more of policy makers. More new ideas, more 
willingness to question inherited ways of doing things, better use of evidence and 
research in policy-making and better focus on policies that will deliver long-term goals' 
(UK Government, 1999: p16). In short, that policy (and policy evaluations) should be 
based on a sound and comprehensive understanding of the evidence available, so that a 
strategy can be developed and maintained and updated as necessary; using the evidence-
base for future strategy and policy design (DEFRA, 2006). From this interest has 
stemmed evidenced-based policy analysis (EBPA) and a model for this has been 
formulated, displayed in Figure 1. 
Source: Adapted from Davies (2004) and Davies (2005) 
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For this thesis, EBPA is taken as a systematic approach to policy evaluation, using 
rigorous research techniques to develop and maintain a robust evidence-base from 
which to develop a model policy and regulatory framework aimed at environmental 
sustainability for biofuels. Of critical importance is the evidence — its source, nature, 
strengths and weaknesses - for this is what makes the final policy and regulatory design 
robust and able to stand up to criticism. The merit of this approach is that it allows 
decisions to be made that are based on sound evidence and are therefore informed, 
justified, and without bias. In this context, it is worth noting that the recent nature of 
biofuels policy only allows us to assemble a partial picture of the success or failure of 
each instrument. 
2.2.1 Research Strategy 
The four main components to this research are: 
I. The development of a conceptual framework for the research task; 
II. The development of a methodological framework for ex post evaluation of 
biofuels policies; 
III. The application of the empirical evaluation methodology to individual country 
studies; and 
IV. The cross-comparison of country studies, focusing on evaluating the role of 
different policy and regulatory instruments in achieving effective 
implementation and encouraging sustainable biofuels. 
In order to conduct an EBPA, it is necessary to formulate a research strategy that 
captures the above. Figure 2 illustrates the procedure employed to execute this research 
and obtain the appropriate evidence in order to form a systematic approach to policy and 
regulatory analysis and the research objectives. Stages 2 to 7 of the research are 
discussed in sections 2.3 to 2.7. 
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Figure 2: PhD Research Strategy 
Source: Adapted from Flick (2002) and Davies (2009) 
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STAGE ONE 
2.3 	LITERATURE REVIEW 
A literature review facilitates a solid understanding of the subject area; it describes, 
summarises, evaluates and clarifies the literature, giving the theoretical base for 
research. It also leads to the identification of trends within the subject area and 
highlights gaps in knowledge, thus determining the nature of the research to be 
addressed. In addition, a literature critique helps the author decide upon the most 
suitable methodological approach to the research. In consideration of these facts, the 
review carried out for this research focused on the key policy and regulatory 
mechanisms that have driven the development of the biofuels sector in the EU thus far, 
as well as the reasons why particular mechanisms were successful or why some failed 
(i.e. drivers and barriers). This analysis identified the following vacancies in the 
literature: 
	
1. 	Application of ex-post evaluation to EU biofuels policy and regulatory 
paradigm; 
IT. 	Comparative assessment of different policy and regulatory instruments for 
biofuels across countries; 
III. Identification of all inter-disciplinary reasons why biofuels policies have been 
implemented and why they have failed; and 
IV. Academic assessment of biofuels policy instruments against sustainability 
criteria. 
Combined with previous M.Sc. research conducted into the UK regulatory paradigm for 
biofuels,2 this review enabled the identification of the research problem (Chapter One, 
Section 1.2) and the fundamental research questions to be addressed (Chapter One, 
Section 1.4). The literature review comprises Chapter Three of the thesis, in addition to 
being partly disbanded and incorporated into the relevant sections of Chapters Four and 
Five. 
2 Jeffrey (2006) Drivers and Barriers to the Establishment of Biomass as an Energy Resource: Towards a Biofuels 
Strategy in the UK M.Sc. Thesis, Imperial College London. 
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2.3.1 Surveys 
It is particularly important to draw on insights from key stakeholders from businesses, 
academia, NGO communities, as well as policy makers, in order to tap into their 
detailed and tacit knowledge. Surveys offer a highly useful methodological tool for 
collecting quantitative and qualitative information and have been utilised throughout 
this PhD research. All surveys are designed with the intention of eliciting relevant 
information and opinions from stakeholders, providing supplemental data to the 
empirical analysis; therefore all surveys had similar formats aimed at increasing 
response rates and reducing bias. The subsequent section, as well as sections 2.5.1 and 
2.7 will discuss each survey. 
Survey One: Policy Instruments 
In November 2006, a basic policy survey was sent out to stakeholders;3 the aim of 
which was to retrieve information and expert opinion regarding policy mechanisms 
implemented in various jurisdictions. In particular, the ability of measures to deliver 
policy objectives and thus indicate which mechanisms was considered the most suitable 
for biofuels market penetration and why. By providing meaningful insight into the 
preferred policy options according to stakeholders in this fashion, the author was able to 
define PhD research and decide upon which jurisdictions to focus the case studies (see 
Section 2.4). 
The policy survey was designed as a ranking exercise, in order to allow for the 
collection of quantitative and qualitative data that could be analysed to give a reliable 
illustration of the views of industry personnel. The format presented a table with the 
various policies implemented according to jurisdiction and from this, the respondent 
was asked to score each policy mechanism within each jurisdiction; the final section of 
the survey asking the respondent to give a basic reason for scoring policy mechanisms, 
allowing for an elaboration of the response if the respondent so desired. The response 
rate for the survey was fairly good, given the small sampling size, and comments from 
this are further incorporated into sections of the analysis regarding the EU paradigm for 
3 The survey can be seen as Annex 1. 
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biofuels (Chapter Three) and the case studies of the UK, the US, and Brazil (Chapters 
Five, Six and Seven, respectively). 
STAGE Two  
2.4 	SELECT ION OF CASE STUDY COLIN I RIES 
The research involves a multiple-case study approach, which is appropriate to test the 
application of the empirical methodology concerning ex-post evaluation of policy 
implementation and sustainability; as well as enabling the comparative analysis of 
outcomes (Stake, 1995; Yin, 2003). Patton (1987; 1990) considers that the use of case 
studies is 'partially valuable when the evaluation aims to capture individual differences 
or unique variations from one programme setting or experience to another'; further 
stating that regardless of the unit of analysis, a case study 'seeks to describe that unit of 
analysis in depth, in detail, in context, and holistically'. Eckstein (2000: p135) further 
articulates that 'case studies can prove established theories incorrect and point to parts 
of theory which require further research'. Case studies are thus utilised in order to test 
the theory on drivers and barriers, to explore policy and regulatory successes and 
failures and to test new theory in terms of the sustainability analysis devised by the 
author (discussed in Section 2.5.3). 
The author chose to examine and compare three cases — the UK, the US, and Brazil. 
The UK was chosen as previous MSc research had been conducted in this regime and it 
was felt that as a young, burgeoning industry, much could be learned and applied to this 
case. The US and Brazilian case studies were selected as they both have established 
biofuels industries from which much could be learned and applied to the UK. The UK 
example examines policy and regulatory mechanisms for both biodiesel and bioethanol; 
however, the US and Brazilian cases mainly focus upon bioethanol - it was considered 
that as both countries had more than thirty-years experience working with bioethanol, 
more could be taken from a greater study of this, rather than a from a smaller study of 
both. For all three cases, the instruments analysed are at the national level, as it was 
considered outside the constraints of PhD research to examine the regional and sub-
national instruments and that doing so could infringe upon the effectiveness of the 
overall policy and regulatory analysis. It should be also noted that these cases are not 
always comparable; the different frameworks developed individually, due to favourable 
conditions and circumstances unique to the jurisdiction in question. However, in 
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general, policy and regulatory recommendations are derived from all. The analytical 
framework applied to each case study is discussed in Section 2.6, dealing with Stage 
Four of the research. 
STAGE THREE 
2.5 	DEVELOPMENT OF THE EVALUATION FRAMEWORK 
This section focuses on the key empirical elements of this research: the development 
and application of an ex-post evaluation methodology which can be applied to biofuels 
policy and regulatory instruments, for the UK, US and Brazil. 
2.5.1 Stage Three: Conceptual Framework: Drivers and Barriers 
New technological systems tend to face an uphill struggle to establish themselves, as it 
is often uncertain if they will be able to replace existing technologies or will simply 
disappear from the market (Bomb, 2005). With regards to this research, the author 
wished to examine the reasons why a policy and regulatory mechanism for biofuels may 
be implemented in the first instance, or the reasons why the policy may fail in its 
attempts to encourage a new technology onto the market. One of the key objectives of 
the study is therefore the identification and analysis of drivers and barriers to the market 
penetration of biofuels technologies, in the EU. For this purpose, drivers are defined as 
factors that can push for an increased development and deployment of biofuels and 
barriers are factors that do, or can, hinder their growth and expansion. Consequently, an 
explorative study and literature review was conducted as background to this research. 
There is no comprehensive body of literature on either drivers or barriers with regards to 
biofuels market penetration. Sorrell et al. (2000; 2004) and Korppoo (2007) produced 
research on drivers and barriers, along with some methodological considerations; 
however, these studies focused solely upon energy efficiency, although the research 
stems from the same theoretical background, the methods and frameworks applied are 
not wholly transferrable. Regarding biofuels, the most detailed analysis of drivers and 
barriers is from studies of bioenergy or biomass systems as a whole. It is from such 
work that this research builds upon; including Roos et al. (1999), Rosch and Kaltschmitt 
(1999), Deurwaarder (2005), Thuijl and Deurwaarder (2006), Londo et al. (2006) and 
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Fagernas et al. (2006). This work encompasses various aspects associated with biofuels 
and consequently a comprehensive range of drivers and barriers was developed: drivers 
or barriers fell into specific categories: Environmental, Institutional, Economic, 
Technical and Social. A further category — the Carbon Economy — was added by the 
author after consultation with Makuch (2008); see Figure 3. 
Figure 3: Drivers and Barriers; Categories 
The drivers and barriers are taken from an EU perspective, looking at FG technologies. 
The reasoning behind choosing an established biofuels sector is that it permits the 
identification of both drivers and barriers behind market growth. However, although 
the distinction between drivers and barriers appears quite distinct, the two facts are 
largely interlinked. Many factors promote the market penetration of biofuels 
technologies in Europe and further technological development but likewise, these can 
also act as a barrier in some circumstances. For example, petroleum prices can act as 
either a driver or a barrier, depending on whether they are high or low. 
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Conceptual Framework: Practical and Theoretical Drivers and Barriers 
In order to approach the drivers and barriers analysis, the author decided to divide these 
into two separate lists — the first, practical drivers and barriers, and the second, 
theoretical; as applied by Korppoo (2007). By practical, one means drivers and barriers 
that have been proven on an evidentiary basis (and reinforced through survey work 
conducted by the author in the early research phase, see below); whereas by theoretical, 
one means drivers and barriers cited within the literature but are without an evidentiary 
basis. The latter thus providing a list of theoretical drivers and barriers to be tested by 
the author through case study research. The drivers and barriers were consequently 
selected based on two criteria: 
	
L 	Prevalence in academic literature and official documentation (practical); and 
II. 	Factors of importance according to previous studies yet not generally 
considered (theoretical). 
Survey Two: Drivers and Barriers 
In January 2008, a survey was issued to stakeholders with the aim of gaining validation 
for the drivers and barriers identified at the particular stage of the research.4 The format 
was the same as the policy survey (above) and was based upon a ranking exercise. The 
drivers and barriers were grouped by category, i.e. environmental, economic etc, with 
the participants asked to rank each individual driver or barrier within the individual 
categories; then taking all the categories combined, to rank between these. There were 
no open-ended questions, as the survey format did not necessitate this; however, for 
both they were asked to give a basic reason for their choice. Results of the survey, 
along with comments from stakeholders, are incorporated within the discourse 
surrounding the practical drivers and barriers, Chapter Four. 
Theoretical Drivers and Barriers: An Evaluation Framework 
An innovative methodology was developed to test the theoretical drivers and barriers 
identified in Chapter Four, one that was particularly relevant and informative and 
allowed the author to either disprove academic study or prove theory through empirical 
analysis. The methodology developed thus: for each theoretical driver or barrier, the 
4 The survey can be seen attached as Annex 2. 
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author assigned a proposition statement (i.e. a declarative statement of meaning); for 
example, with 'public support' as a driver - 'there is strong social support for the use of 
biofuels' - or as a barrier - 'there is little or no public support for biofuels'. The 
meaning of each of these propositions is either true or false with regards to the impact 
that this has upon the development of the biofuels sector. Subsequently, each 
proposition statement is tested in the individual case study countries and assigned a true 
or false value, for which there are four possible outcomes: 
1. 	Disprove a driver (false) 
II. Disprove a barrier (false) 
III. Prove a driver (true) 
IV. Prove a barrier (true) 
The result of the implementation of this methodology allows for a table to be compiled 
showing the true or false drivers and barriers; for example, see Table 2. Where factors 
are considered to be false, the driver or barrier is disproven and thus as a general rule, 
no longer included in the study. Where the factor is considered to be true, the theory 
has been proven through empirical analysis by the author and these opportunities and 
challenges should be considered and incorporated into the final policy and regulatory 
framework for biofuels. 
Table 2: Tnie and False Theoretical Drivers and Barriers 
TRUE FALSE 
Drivers 5 6 
Barriers 6 6 
However, this resulted in a paradoxical situation, as some drivers or barriers which are 
assigned false values, due to there being no evidence to the contrary in the case studies, 
are in reality logical factors that should be considered by policy makers in their design 
of a framework for biofuels. For example, the carbon economy as a driver is deemed to 
be false, as there is no evidence of this in any of the case studies; however, in reality, it 
is logical that the international framework for action post-2012 incorporate provisions 
for biofuels in road transport. Therefore, in some instances, although the theoretical 
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proposition is deemed false, the author considered this in the final policy and regulatory 
design. From the implementation of this method, the author was thus able to test 
academic analysis and theory and compile a list of the opportunities and challenges to 
be considered and included in the final policy and regulatory design of Chapter Eight. 
The analysis is placed into diagrammatic format for each case study, as illustrated in 
Figure 4, whereas the working table for this (Table 3), once completed, is shown as 
Annex 3. 
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Table 3: Example Theoretical Drivers and Barriers Analytical Framework 
DRIVERS 
DRIVER THEORETIOCAL PROPOSITION STATEMENT 
COUNTRY 
LOGICAL 
UK US BRAZIL 




The production and use of biofuels provides other environmental benefits, such 
as local air quality benefits and waste reduction. 
F F T Y 
Institutional International governance 
International environmental governance by means of setting policies and 
regulations, such as the Kyoto Protocol, stimulates the production and use of 
biofuels. 
BARRIERS 




THEORETICAL PROPOSITION STATEMENT UK US BRAZIL 
Y/N Y/N Y/N Y/N 
Institutional 
Political risk 
The nascent biofuels industry is uncertain and risky, discouraging sustainable 
innovation in this field. 
F F N N 
International governance 
International environmental governance, in the form of the Kyoto Protocol 
and its tradable mechanism, is not sufficient enough to drive global, 
sustainable innovation of biofuels. 
F F N Y 
























CATEGORY TRUE FALSE 
ENVIRONMENTAL 
Political risk 









TOTAL 	 2 4 
2.5.2 Policy Implementation 
In an examination of EU policy, Di Lucia and Nilsson (2007) stated that the policy 
process regarding EU Directives can be described with four basic elements of policy 
formulation: transposition into national systems; practical implementation; design of 
national instruments and their application; and evaluation. As the OECD (1997) asserts, 
the most persuasive information on the performance of an instrument will come from 
analysing the changes that resulted from its introduction. The study in hand thus 
focuses on Stage 2 of Di Lucia and Nilsson's evaluation, the implementation of policy 
mechanisms, or more specifically, the implementation effectiveness of biofuels policy 
mechanisms in achieving policy targets. Implementation for the purpose of this thesis is 
defined as: 'the degree to which the formal transposition and the practical application 
of supranational measures at the national level correspond to the objectives defined in 
legislation' (Knill, 1998: p2; Di Lucia and Nilsson, 2007). It was thus necessary to 
devise a methodological tool for measuring this in the case studies. 
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Policy implementation has been studied in political science since the early 1970s; 
however, it was not until 1999 that it was recognised by Jordan that there was an 
implementation gap or deficit in terms of EU policy (Jordan, 1999; Di Lucia and 
Nilsson, 2007). In order to explain this, two different approaches have been presented. 
The first — the enforcement approach - sees non-compliance as a choice of the MS, 
resulting from a difference between an international obligation and its own interests. 
Compliance problems, theorists suggest, are a product of poor incentive structures; for 
example, it is less expensive, easier and more rational for countries not to comply. 
However, the second approach — the management approach — suggests that insufficient 
administrative capacity, or the complexity of the legislative issues at hand, affect 
implementation results. Non-compliance is not a result of deliberate decisions to violate 
treaties, but an effect of capacity limitations and rule ambiguity (Tallberg, 2002; Di 
Lucia and Nilsson, 2007). Both are logical explanations for the broadly identified 
deficit in terms of the implementation of EU policies in general and are considered 
within the analysis of case study data; however, because these theories are generalised 
they are not wholly applicable to the examination of specific biofuels policies, for 
which a more detailed analysis is necessary. Consequently, Di Lucia and Nilsson 
(2007) constructed an analytical framework to examine and account for the ways in 
which MSs have implemented the EU Biofuels Directive differently. Within this 
framework a distinction is made between countries that have effectively implemented 
the Directive and achieved national consumption levels equal to or above the reference 
values (effective implementation) and countries that have not. Within this second group, 
a distinction is made between those that have adopted national targets in line with the 
reference values of the Directive but have not achieved them (formal compliance) and 
those that have national indicative targets set below EU values and have consumed no, 
or only limited quantities of, biofuels (weak implementation) (Di Lucia and Nilsson, 
2007): see Figure 5. 
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Figure 5: Analytical Framework for Implementation Status of the EU Biofuels Directive 
With regards the study-in-hand, the same framework is utilised to examine 
implementation of the EU Biofuels Directive in the UK; however, for the US and 
Brazilian cases, taking the framework of Di Lucia and Nillson (2007) into account, the 
author adapted this so that it could be used for any individual example; see Figure 6. 
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Figure 6: Analytical Framework for Implementation of Biofuels Policy (General) 
2.5.3 Towards a Better Understanding of Policy Instruments: Sustainability 
Assessment Framework 
In 1991, the OECD Council on the `Use of Economic Instruments in Environmental 
Policy' (January 1991) asked that MSs 'make greater and more consistent use of 
economic instruments' but also instructed the Environment Policy Committee 'to 
provide information regarding their effectiveness in achieving specific environmental 
objectives' (OECD, 1997). A central issue for consideration in any policy assessment is 
an evaluation of the effects, or rather the effectiveness of the market mechanism 
studied, i.e. its environmental impact. Policy instruments for biofuels are being 
implemented for environmental reasons and are thus classed as environmental 
mechanisms - it is therefore imperative that an examination of their environmental 
effects be monitored. However, environmental sustainability considerations have rarely 
featured in ex-post evaluations of biofuels policy. Therefore in making a policy and 
regulatory appraisal of the kind suggested herein, being able to analyse the ex-post 
environmental effectiveness is important, as the biofuels policy mechanisms which are 
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being examined in the case studies, must be able to stand up to some form of 
sustainability critique. The crucial question of course is how does one measure 
something as broad as sustainability? It is unlikely that this can be done exhaustively 
but we may at least be able to gain insights as to what is and what is not working, in 
policy and regulatory terms and from a sustainability perspective. 
Sustainability Measurement and Indicators 
`Sustainability measurement' is a term that denotes the measurement used as the 
quantitative or qualitative basis for the informed management of sustainability. The 
metrics used for `sustainability measurement' (involving the sustainability of 
environmental, social and economic domains, both individually and in various 
combinations) include indicators (SI), benchmarks, audits, indexes, accounting and 
reporting systems, which can be applied on all scales from global to local — the 
particular tool chosen is therefore crucial. The importance of indicators as a means of 
measuring sustainable development has been stated as early as 1992, at the United 
Nations (UN) Conference on Environment and Development in Rio, where a set of 
action points for sustainable development was established (collectively referred to as 
Agenda 21) (Bell and Morse, 1999; Boulanger, 2008). In order to help put these points 
into practice, the summit established a mandate for the UN to establish a set of 
`indicators of sustainable development' to help monitor progress in this regard (Bell and 
Morse, 1999). The following sentence, taken from this, is at the root of the whole 
sustainable development indicators industry: 
`Indicators of sustainable development need to be developed to provide a basis 
for decision making at all levels and to contribute to self-regulating 
sustainability of integrated environment and development system.' 
UN (1992a: Chapter 40-44) 
The central idea behind such indicators is very simple - essentially they are designed to 
answer the question: how might I know more objectively whether things are getting 
better or getting worse? (Bell and Morse, 1999). According to the UN (1992a), SI can 
provide crucial guidance for decision-making in a variety of ways by, inter alia, 
translating physical and social science knowledge into manageable units of information; 
measuring and calibrating progress towards sustainable development goals, and 
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providing early warning, sounding the alarm in time to prevent economic, social and 
environmental damage. They are also important tools to communicate ideas, thoughts 
and values, as 'we measure what we value, and value what we measure' (UN, 1992a: 
Chapter 40). The principal objective of SI is therefore to inform public policy-making 
as part of the process of sustainable governance and it is hypothesised that SI can 
provide information on any aspect of the interplay between the environment and socio-
economic activities (Boulanger, 2008); thus, despite criticisms, if used correctly they 
offer a very effective, scientific-based, quantitative and qualitative methodology and are 
justified for that reason. 
Considering this, the author wished to examine policy and regulatory mechanisms for 
biofuels in the case study countries against specifically selected SI; however, assessing 
the contribution of biofuels policies to sustainability is a complicated challenge. 
Sustainability is by definition, a broad and holistic concept and generally tends to 
address broad systems, such as regions or countries; therefore its application at the 
policy level is potentially problematic. 	However, the research proposes the 
development of relevant, science-based, SIs to guide the policy analysis. In doing so, it 
should be able to assist policy makers in gaining a better understanding of what 
constitutes a sustainable or unsustainable policy; thus enabling the basis for making a 
better assessment of the opportunity cost of individual instruments (and biofuels in 
general) when set alongside the other options available to policy makers. 
Various organisations and academics have developed assessment criteria over the last 
decade to assess the environmental effectiveness of regulatory and economic 
instruments or environmental agreements, including the EEA (1999), OECD (1997), 
Carraro and Leveque (1999), Alberini & Segerson (2002) and Mickowitz (2003); 
however, these are not wholly transferable here. Thus, in attempting to define criteria in 
this context, the author initially sought to identify all of the potential impacts that 
biofuels projects could have (on a region) and after consulting the principles and criteria 
developed by other sources such as, Cramer et al. (2006; 2007), EPFL (2007), BTG, 
2008 and The Roundtable on Sustainable Biofuels, a comprehensive list was drawn up; 
see Table 4. 
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Table 4: Issues and Considerations Related to Biofuels Sustainability 
Sustainability Issues 
Agriculture — Fertiliser use 
Climate change mitigation, GHG 
emission reduction & carbon sinks 
Indirect effects such as land-use 
change 
Biodiversity protection 
Water resources (quality and 
availability) 
Sustainable use of local resources 
Employment generation Pollution (air and water) 
Gender equality of employment Best available technology 
Local labour Sustainable livelihoods 
Energy security The preservation of biodiversity 
Indigenous peoples rights Deforestation 
Human rights Food vs. Fuel debate 
Fertiliser and agrochemical use Social well being of employees 
Compliance with national laws Soil protection 
Implications for government budget 
and economic cost 
Economic prosperity 
As can be seen from Table 4, there are various fundamental issues related to the 
sustainability of biofuels. The author therefore considered the different ways in which 
these issues could be grouped within the three pillars of sustainability — economy, 
environment and society. As biofuels are part of two of the most controlled and 
subsidised markets in the world (agriculture and energy), it was considered that defining 
or attempting to incorporate 'economic' issues at this stage would be problematic in the 
time offered and the same could be said regarding social considerations. Moreover, it 
was considered beyond the scope of study to assess in detail the ability of biofuels to 
achieve all of the outcomes claimed of them or analyse the impacts listed in Table 4, 
which address the entire sustainability of the biomass supply chain, including the social, 
economic and environment domains. The scope of the sustainability criteria therefore 
needed to be limited to a manageable amount given the time and resource constraints. 
Subsequently, the environmental pillar was decided upon as the focal point for the SI 
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analysis. The three environmental sustainability indicators selected by the author are 
shown in Table 5. 
Table 5: Environmental Sustainability Indicators for PhD Research 
ENVIRONMENTAL SUSTAINABILITY 
INDICATORS 
1. GHG Emissions Reductions 
2. Land-use Change 
3. Water Consumption 
The first SI chosen was GHG Emissions Reduction — a positive contribution to the 
reduction of GHG emissions is considered essential to the sustainability of biofuels, as 
biofuels are principally driven by climate change mitigation. Indeed, GHG emissions 
are a key concern for the long-term sustainability of human life on Earth and assessing 
this impact may incentivise a transition to biofuel technologies with greater GHG 
emissions reduction. The second SI concerns Land-Use Change - land is a limited 
resource in many areas and it is essential that its use be monitored. An increased 
demand for biofuels may result in land-use change where, for example, land is shifted 
from one (food) crop to a biofuels feedstock, or idle land may be brought back into 
production. This could potentially affect food supply and biodiversity but could also 
potentially negate any GHG emissions saved. The third SI chosen was water 
consumption — water is an increasingly precious resource and is used for many 
purposes, including drinking and other municipal uses, habitat for fish and wildlife, as 
well as agriculture. However, the ways in which a shift to growing more energy crops 
will affect the availability (and quality) of water is a complex issue that is difficult to 
monitor and will vary greatly by region. Moreover, this may be influenced by shifting 
land-use patterns if more irrigation is required than with the previous crop in that area. 
2.5.4 Application of Evaluation Criteria 
Having selected a series of indicators to be considered in the sustainability assessment, 
it was necessary to select an analytical framework by which to do this — in this case, 
Multi-Criteria Analysis (MCA) was chosen as the appropriate choice. MCA is a 
discipline aimed at supporting decision-makers who are faced with making numerous 
and conflicting evaluations. It describes a structured approach, which is used to 
determine overall preferences among alternative options, where the options accomplish 
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several objectives. According to the UN (2005), MCA is particularly applicable to 
cases where a single-criterion approach (such as CBA)5 falls short, especially where 
significant environmental and social impacts cannot be assigned monetary values. 
Unlike methods that assume the availability of measurements, measurements in MCA 
are derived or interpreted subjectively and the actual measurement of indicators need 
not be in monetary terms, but are often based on the quantitative analysis (through 
scoring or ranking) of a wide range of qualitative impact categories and criteria. 
Different environmental and social indicators may be developed side-by-side with 
economic costs and benefits and explicit recognition is given to the fact that a variety of 
both monetary and non-monetary objectives may influence policy decisions (UN, 
2005). 
The following discourse discusses each of the indicators, the way in which they are 
measured and how collectively they form an innovative approach to sustainability 
assessment of biofuels policies. The three indicators introduce a level of subjectivity to 
the measurement, which may present a level of unreliability; however, in all 
circumstances, the author will refer to expert opinion and academic literature in order to 
assess the impact of specific feedstocks against the SI in question. The combination of 
measurement techniques highlights the advantage of using MCA decision making 
methodologies since each indicator can be measured in a manner which is specific to its 
nature. The environmental principles and criteria and indicators which make up the 
analysis and how they are approached are as follows: 
5  Cost Benefit Analysis (CBA) is an approach whereby costs and benefits are given a monetary value in order to 
calculate cost effectiveness of a programme or policy; for example, it is often used by governments to evaluate the 
desirability of a given intervention. 
61 i 	 
Sustainability Indicator One (SI 1): GHG Emissions Reductions 
PRINCIPLE 1 
The balance of GHG emissions over the whole lifecycle (from field to fuel) of the 
biofuels used to fulfil policy targets is positive. 
INDICATOR 
The biofuels feedstock achieves > 40% 
GHG emissions reduction (as compared 
to fossil fuel counterpart) 
Baseline 
The amount of GHGs emitted by fossil 
fuel in lieu of the biofuels being used 
Assessment Methodology 
Semi-quantitative, compared to baseline 
and SI I target 
The first SI — GHG Emission Reduction - is a semi-quantitative indicator; it examines 
the extent to which GHG emissions are reduced by the overall lifecycle of the dominant 
feedstock being used to fulfil policy targets in the case study country. To examine the 
known direct GHG emission impacts of the dominant feedstock, the author reviewed 
recent academic and scientific studies, as well as specific government reports, from 
which it was possible to gauge the GHG emissions associated with specific feedstocks. 
If the feedstock results in a > 40%6 GHG emissions reduction, this is considered a 
`pass'; if it does not achieve > 40%, this is considered a 'fail' and indicates that a policy 
change is required to encourage feedstocks with greater GHG emissions reduction.' 
6  40% GHG emissions reduction was chosen as the target as this was considered an appropriate cut-off between FG 
and SG technologies, the latter which one seeks to encourage. Moreover, this is around the target in current 
sustainability criteria and thus based upon scientific justification. 
7  Note, this is a simple numerical scoring system used for this exercise and does not represent a fuller analysis of the 
actual biofuels used. 
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Sustainabilitv Indictor Two (SI II): Land-Use Change 
PRINCIPLE 2 
The production of biofuels to fulfil legislative requirements will not result in 
unsustainable land-use change nor will it endanger the supply of food 
INDICATOR 
Evidence that the feedstock in question 
is not being grown on land previously 
used for other food crops or land with 
high biodiversity value 
Baseline Previous land-use of the area in question 
Assessment Methodology 
Semi-qualitative, combination of expert 
opinion of quantitative data 
The second SI — land-use change — is a semi-qualitative indicator; it considers the 
amount of arable land being devoted to the production of biofuels crops in the case 
study jurisdiction. The author examined peer-reviewed academic and government 
literature concerning the effect that one or more biofuels feedstock has had on domestic 
land-use in the study area. In addition, by examining statistics as to the amount of 
arable land available in the given jurisdiction and assessing how much is used for 
growing biofuels crops, i.e. for the US, this will be judged on the overall amount of land 
compared to the overall amount being used to for corn crops over a given period and 
how much of this corn crop has been diverted to bioethanol production. From this, one 
is able to formulate a general trend for land-use in the case-country and gauge whether 
the implementation of policy for biofuels has resulted in arable land that would 
otherwise be used for food crops being diverted to energy purposes, or whether idle or 
high biodiversity land is being brought back into production. The baseline with this is 
more subjective than with SI I, as this is not an enduring measurement (but rather a 
snapshot) given that it is subject to change over time. If it is considered that the 
dominant feedstock being used is not influencing land-use patterns or food supply, this 
is given a 'pass' and no further action is taken. However, if it is proven that the 
feedstock used is negatively affecting land-use patterns or food supply, this is given a 
`fail', indicating that that a policy change will be required. 
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Sustainahility Indicator Three (SI III): Water Consumption 
PRINCIPLE 3 
The production and processing of biofuels in the given jurisdiction will not infringe 
upon normal water usage nor adversely affect water availability 
INDICATOR 
Evidence of the demand for water from the local 
supply by biofuels production and refining 
Baseline 
Water availability if no biofuels production or 
bio-refinery was in the local area 
Assessment Methodology 
Semi-qualitative, combination of expert opinion of 
quantitative data 
The third SI - water consumption - is a semi-qualitative indicator; this aims to assess the 
effect of biofuels production and refining on regional water availability in the case study 
country. Scientists and academics have quantitatively estimated the amount of water 
used during the irrigation of biofuels crops, as well as the production process and 
biorefineries. Subsequently, research has been published analysing the water resource 
implications of one or more biofuels feedstock and the implications that increased 
biofuels production on land with limited water resources has had. The assessment of SI 
II therefore draws heavily upon expert opinion and requires the collection of data from 
several sources, namely from government reports, statistics and the authorities 
responsible for the monitoring and verification of the data associated with biofuels use. 
As with SI II, the baseline for SI III is subjective, as expert opinion varies on the exact 
impact that specific biofuels feedstocks will have. Moreover, this is region-specific and 
therefore an overall analysis cannot be given for the entire country but a general trend 
with regards to impact of specific feedstocks can be formulated from the analysis of 
certain site-specific examples. If it is considered that biofuels production and refining is 
not affecting water availability, this is given a 'pass' and no further action is taken. 
However, if it is proven that biofuels production is (or could) negatively affecting water 
availability, this is given a 'fail' and indicates that a policy change is required. 
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STAGE FOUR AND FIVE 
2.6 	APPLICATION OF POLICY EVALUATION FRAMEWORK AND DATA ANALYSIS 
2.6.1 Case Study Format 
Stage Four (Figure 2) of the research strategy for this thesis involves the application of 
the policy evaluation framework to the chosen case studies, namely, the UK, the US and 
Brazil. In order to do this, and to make it easier to make comparisons between regions, 
it was necessary to design an analytical framework that could be applied to each case 
study covering all aspects of the research: 1) policy and regulatory mechanisms; 2) 
implementation; 3) sustainability; and 4) drivers and barriers. 
SECTION ONE (A): INSTITUTIONAL SETTING  
Section One (A) examines the institutional setting, providing an in-depth examination 
and review of the policy and regulatory instruments implemented for biofuels within the 
chosen jurisdiction. 
SECTION ONE (B): POLICY IMPLEMENTATION  
Section One (B) examines the implementation effectiveness of the dominant policy of 
the region. In line with the methodological approach described in Section 2.5.2, a 
qualitative approach is used to analyse all three cases in order to decide whether the 
implementation status of a country is classed as effective, formal, or weak with regards 
to implementation. 
SECTION Two: BIOFUELS DISTRIBUTION, BLENDS, FEEDSTOCK AND TRADE  
Section Two examines the distribution of biofuels production and consumption in the 
case study countries in order to understand the dominant feedstock being used to fulfil 
policy targets. Part Two examines the relationship that exists between domestically 
produced biofuels and imports and exports, in order to examine the effectiveness of 
national policies at promoting domestic production in line with energy security goals. 
SECTION THREE: SUSI AINABILITY  
By applying the three SI identified in Section 2.5.3 to the specific feedstocks being 
encouraged by the main policy instrument, Section Three presents a sustainability 
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profile for that instrument, and thus country. Included within this analysis is 
consideration of whether the main instruments are managing to achieve not only 
sustainability goals, but also the three main goals for which biofuels have been followed 
- climate change, energy security and economic rural development. 
SECTION FOUR: THEORETICAL DRIVERS AND BARRIERS  
Section Four takes the framework discussed in Section .2.5.1, the theoretical proposition 
statements for each driver or barrier are tested against the principal policy or regulatory 
instrument within each country. 
STAGE SEVEN 
2.7 VALIDATION 
Following the completion of the drivers and barriers analysis (Chapter Four) and the 
case studies (Chapters Five to Seven), the author compiled a list of key policy issues 
that could be identified from research. Reflecting the categories identified with chapter 
writing, the policy issues were divided into six sections; namely, institutional, 
environmental, economic, technical, social and stakeholder interaction and the carbon 
economy. For each section, one subsequently compiled a list of policy options that 
could be used to overcome the issues identified within each section; for example, see 
Table 6. This list formed the basis of Chapter Eight, in which the author designed a 
policy and regulatory framework for biofuels. 
Table 6: Policy and Regulatory Framework Structure 
Section Policy/Regulatory Option 
Institutional. PO 1 Biofuels Obligation Scheme 
PO 2 Small Producer Tax Credit 
2 Environmental PO 3 Mandatory GHG Emissions Reduction Scheme 
PO 4 Advanced Biofuels Reward Scheme 
3 Economic PO 5 Agricultural Policy Support 
PO 6 Regional Selective Assistance 
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Survey (Questionnaire) Three: Policy and Regulatory Framework for Biofuels 
The final stage of data collection for this thesis thus concerns the validation of the 
policy and regulatory issues identified and the potential policy and regulatory options 
suggested by the author that could be used to overcome these (Chapter Eight). In order 
to do this, a questionnaire was sent out to stakeholders. The questionnaire design was 
multiple-choice: the format presented a table, based upon Table 6 (above), in which the 
various policy and regulatory options were identified, with a statement concerning the 
policy objective given. Subsequently, respondents were asked to either strongly agree, 
agree, neutral, disagree or strongly disagree with the statement 'This policy statement 
will have a positive impact upon 1) market penetration and 2) environmental 
sustainability'. There were no open ended questions, as the survey format did not 
necessitate this; however, for both, respondents were asked to explain in one or two 
sentences the reason for their choice. Such a format was chosen to allow for the 
collection of as much material as possible whilst also appearing as non-time consuming 
as possible for respondents many of whom are inundated with questionnaires given their 
current popularity as research tools. The survey can be seen attached at Annex 4. 
2.8 CHAPTER SUMMARY 
This chapter has presented the qualitative and quantitative multi-method approach and 
research strategy designed in order to conduct PhD research; further providing 
justification for the choices made in this regard. In doing so, it has laid the foundations 
for this research and has paved the way for the first section of the research concerning 
the EU regulatory paradigm, which is the focus of the subsequent chapter. 
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PA T II 
Li E tiTYJRE I VIEW 
AN 
CONCEPTUAL F MEWORK 
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3 EU REGULATORY PARADIGM 
3.1 INTRODUCTION 
Chapter Three aims to set the biofuels debate in the context of the EU - it will identify 
the objectives and driving forces of EU policy in the field of biofuels for transport. The 
chapter is divided into three sections. Section One looks at the EU policy and 
regulatory framework, which has supported the introduction of specific policy 
instruments in the field of climate change. Section Two examines policy mechanisms 
adopted at the EU level specifically for biofuels. Both of these sections further 
incorporate a narrative discourse as to how the specific policy mechanisms act as either 
a driver or barrier to bioenergy development and policy implementation. In light of the 
analysis presented in Sections One and Two, Section Three discusses the 
implementation of EU legislation, by examining efforts of national governments and 
success rates in reaching EU targets, with particular reference to the EU Biofuels 
Directive. 
SECTION ONE: POLICY FRAMEWORK BACKGROUND 
3.2 	CLIMATE CHANGE AND POLICY 
Anthropogenic climate change is a complex phenomenon, the causes of which are 
strictly related to the consumption of fossil fuels. The world now faces serious risks 
from this, as local ecosystems are destroyed from the emissions of CO2 and other 
pollutants into the atmosphere. These consequences are global, creating issues on an 
international, national, regional and sectoral scale. Global problems present policy 
dilemmas, and a complex relationship exists between climate change and policy in an 
international context. Implementing regulations and policy at such levels is inherently 
problematic, with further complications arising because policy makers are not always 
scientists: translating the vocabulary of scientists into politics is not a definitive line - it 
requires a new approach. Consequently, mitigating climate change and its associated 
environmental issues, such as that of emissions from road transport, habitually involves 
problematical tradeoffs and political conflicts. For example, environmental problems 
are usually caused by some form of economic activity or technology, the mitigation of 
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which may necessitate a restriction on these; it is for this reason that changes are so 
costly and generate such fierce opposition (Dessler and Parson, 2006). 
The implementation of advanced technologies and policies are used in attempts to 
mitigate environmental problems and some individual countries have succeeded in 
accelerating their movement away from fossil fuels in this manner. For example, the 
US has pioneered a very effective emissions trading mechanism to solve the acid rain 
problem and is currently solving the methane problem with a similar scheme (Mathews, 
2007). Anthropogenic climate change on the other hand, is not so straight forward to 
resolve. Stated above, it is global in its causes and the activities causing it (i.e. 
production and consumption) are a more essential feature of world economies; they are 
therefore less amenable to any simple technological correction at any level (Dessler and 
Parson, 2006). 
A further complication arises due to the fact that until now, industrialised countries have 
emitted the majority of anthropogenic GHGs; however, shares of developing countries 
are rising rapidly and are projected to continue to do so. Consequently, to shift towards 
a carbon-constrained world, mitigation measures now taking shape within industrialised 
countries will need to be refined and complemented by comprehensive efforts 
worldwide, not merely in one region of the world (Quadrelli and Peterson, 2007). It is 
for this reason that climate change is also concerned with sustainable development: 
equity among generations, individuals and nations is regarded as a key part of 
sustainability - often people who cause the environmental problem are not the ones who 
suffer. Climate change is a classic example of this, as one-generation struggles against 
leaving an unwanted legacy for the next. 
The activities thought to be causing climate change are immense: attempting to mitigate 
these with technologies and polices on a global scale is, while necessary, inherently 
challenging. One may take a top-down approach and look at individual factors that 
cause this phenomenon - such as road transport - and attempt to deal with it this way. 
However, climate change, or the discussion of road transport and the burning of fossil 
fuels, is a highly contentious issue. The fossil fuel emissions that are discussed in 
relation to climate change generally stem from activities that are essential for world 
economies and the potential risks associated with changing these are therefore 
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potentially catastrophic. For example, not only is road transport an essential element of 
UK and EU economies, it is an inherent feature within our lifestyles; moreover, the very 
notion of climate change is often disputed and rejected. These issues alone mean that 
suggestions of changing the road transport sector in light of climate change are often 
extremely difficult, as politicians are likely to come up against fierce opposition. When 
such high stakes are involved, it is only natural that there will be significantly opposing 
views, which is why the justification for such policy mechanisms in this field have to be 
stronger. A step in this direction has already begun with international efforts such as 
the United Nations Framework Convention on Climate Change (below). In line with 
such discourse, Aidelojie and Makuch (2008) consider that the impact of climate change 
debates has proven to be influential upon governmental and policies related to energy 
use and that the climate issue has moved from the periphery to the core of national and 
international energy policies. Such action has paved the way for policies related to 
sectoral problems, including road transport; and is driving abatement policies aimed at 
reducing emissions from this sector (amongst others). 
3.3 	CLIMATE CHANGE MITIGATION 
3.3.1 The United Nations Framework Convention on Climate Change 
In 1992, recognising the danger that rising levels of GHGs posed to the global 
environment, the world's governments adopted the United Nations Framework 
Convention on Climate Change (UNFCCC) (UN, 1992b). The Convention sets an 
ultimate objective of stabilising atmospheric concentrations of GHGs at levels that 
would ultimately prevent 'dangerous' human interference with the climate system (UN, 
1992b; Bakker, 2006). The UNFCCC divides countries into Annex 1 Parties and non-
Annex 1 Parties: Annex 1 Parties are the industrialised countries who have historically 
been significant contributors to climate change, this includes the wealthy industrialised 
countries that are members of the OECD (in 1992), plus countries with economies in 
transition (EITs). All remaining, essentially developing countries, make up the group of 
non-Annex 1 Parties (UN, 1992b; Atkinson, 2006). It is stated in the Convention that 
Annex I Parties shall reduce their GHG emissions in accordance with the Convention's 
objectives; however, the Convention does not impose legally binding obligations. 
Nevertheless, the UNFCCC was the first international treaty which presented a 
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framework of agreed action aimed at stabilising atmospheric concentrations of GHGs 
and limiting human contributions to global climate change; therefore, although 
obligations are not binding, it represents a milestone in the politics of this new type of 
environmental problem (Dessler and Parson, 2006). 
Fiscal and energy regulatory and policy measures, as well as research and development 
R&D, have been formulated to achieve the required goals of the UNFCCC: indeed, 
Article 4.1 (b) of the convention supported the need to take up policies at the national 
level that mitigate the effects of production and consumption of products which emit 
GHGs (Aidelojie and Makuch, 2008). Although biofuels are not specifically referred to 
in the text, Article 4.1, in reference to commitments, states that: 
`All Parties, taking into account their common but differentiated responsibilities 
and their specific national and regional development priorities, objectives and 
circumstances, shall...(c) Promote and cooperate in the development, 
application and diffusion, including transfer, of technologies, practices and 
processes that control, reduce or prevent anthropogenic emissions of greenhouse 
gases not controlled by the Montreal Protocol in all relevant sectors, including 
the energy, transport, industry, agriculture, forestry and waste management 
sectors'. 
UN (1992b: p5). 
This instrument was thus the first of its kind to highlight the role of transport within the 
climate change debate and in view of this, it opened up the international policy arena for 
measures to mitigate this. The design and implementation of measures to abate 
emissions from road transport subsequently began. Since this time, biofuels have 
represented the most significant and currently available fuelling method for reductions 
in this sector without cutting back on vehicle use - the UNFCCC has therefore driven 
developments in relation to this field. However, Aidelojie and Makuch (2008) draw 
attention to the fact that, although there has been a general trend of decline in energy 
and carbon intensities in International Energy Agency (IEA) countries, the design and 
implementation of policies under the UNFCCC framework has been comparatively 
unsuccessful in achieving emissions reductions and the instrument has not seen the 
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success that stakeholders hoped for. This is in part due to their potential impact on the 
economic growth and stability of the different Contracting Parties' economies. 
3.3.2 The Kyoto Protocol 
When governments adopted the UNFCCC, they knew that the commitments would not 
be sufficient to tackle the challenges posed by climate change. Thus, in 1997, the 
Kyoto Protocol (hereafter referred to as the Protocol) (UN, 1997) was negotiated by the 
international community to strengthen the commitments of the UNFCCC. The Protocol 
shares the UNFCCC's objectives, principles and institutions but significantly 
strengthens the Convention by committing Annex 1 Parties to individual, legally 
binding, targets to reduce their GHG emissions. Listed in Annex B of the Protocol, 
these add up to a total cut of at least 5% from 1990 levels in the 2008-2012 commitment 
period (UN, 1997). The UNFCCC and its Protocol have since provided the 
international framework for combating climate change. Indeed, Aidelojie and Makuch 
(2008) believe that since entering into force in 2005, the Protocol has been a key 
legislative instrument in advancing nation-state legislation to abate climate change. In 
turn, as this mechanism exerts international pressure on fossil fuel consumption, the 
Protocol acts as a significant policy driver for many forms of renewables, including 
biofuels, which offer a potential means of reducing GHG emissions. 
However, according to Dessler and Parson (2006), this event deepened pre-existing 
divisions among the world's nations. The most prominent divisions being between the 
majority of rich industrialised countries - led by the EU and Japan - which have joined 
the Protocol, and the US and Australia - which have rejected the Protocol. The Protocol 
also implies action on less than a third of global CO2 emissions (as measured in 2004); 
therefore according to Mathews (2007) and Quadrelli and Peterson (2007) the Protocol 
is thus, as even its most fervent admirers recognise, a flawed process. 
Flexibility Mechanisms 
The Protocol established flexible mechanisms which allow signatories to address their 
GHG emission reduction targets in a flexible, efficient and wide-reaching manner. 
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These mechanisms consist of Joint Implementation (JI),8 the Clean Development 
Mechanism (CDM)9 and Emissions Trading (ET).19 Any Annex 1 Party that has ratified 
the Protocol may use these mechanisms to help meet its emissions target; however, 
Parties must provide evidence that their use of mechanisms is 'supplemental to domestic 
action', which must constitute 'a significant element' of their efforts in meeting their 
commitments (UN, 1997). 
CDM 
Article 12 of the Protocol specifically addresses the Rio Declaration principle of 
`common but differentiated responsibilities' through the development of the CDM. Its 
purpose is 'to assist Parties not included in Annex 1 in achieving sustainable 
development and in contributing to the ultimate objective of the Convention, and to 
assist Parties included in Annex 1 in achieving compliance with their quantified 
emissions limitation and reduction commitments under Article 3' (UN, 1997: p11). 
Annex 1 Parties may consequently implement projects in non-Annex 1 Parties that 
reduce emissions and use the resulting certified emissions reductions (CERs) to help 
meet their own targets. The CDM thus aims to help both non-Annex 1 and Annex 1 
Parties to achieve sustainable development (UN, 1997; Atkinson, 2006). It is however 
up to each host country government to decide and define their criteria for sustainable 
development. CDM projects therefore offer the potential for the implementation of 
biofuels, if such a project methodology could be approved. 
3.4 	RENEWABLE ENERGY POLICIES 
In view of commitments under the UNFCCC and the Kyoto Protocol, as well as a 
dependency on finite supplies of fossil fuels amid energy security issues, the EU has 
accepted the importance of a strong renewable energy policy framework; one which can 
contribute significantly to climate change mitigation and socio-economic development 
at a regional level (Aidelojie and Makuch, 2008). Renewable energy resources, 
including energy from biomass have received growing attention for their potential to, 
inter alia, contribute to GHG emission reduction targets and increase energy security 
when made from domestic resources (Di Lucia, 2005; Hodson, 2006). The EC has 
8 UN (1997) Article 6, p: 6-7. 
9 UN (1997) Article 12, p: 11-12. 
1° UN (1997) Article 17, p: 15. 
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undertaken an ambitious programme aimed at improving the sustainability of energy 
use across the EU-bloc. At the heart of this framework are efforts by the EU and its 
MSs to encourage the use of renewable sources of energy and to improve energy 
efficiency across the board; and bioenergy has become a focal point in efforts to 
increase this (Kraemer and Schlegel, 2007). It is therefore with increasing frequency 
that the environmental policy framework of the EC acts as a significant driver of 
environmental protection efforts within MSs and the opportunity for a Directive for 
biofuels and other alternative fuels thus existed for several years. Biofuels are however, 
only part of the solution to the EU's environmental and economic challenges and should 
be considered as only one element in a wider range of measures needed; the extent to 
which biofuels can realistically contribute to environmental and economic objectives 
will vary according to national circumstances and judgements as to their validity, which 
should remain the preserve of the individual MSs (House of Lords, 2006). 
3.4.1 White Paper: Energy for the Future (1997) 
This Paper relates to the promotion of renewable energy resources in the EU, including 
a strategic action plan for the energy sector (EC, 1997). It set ambitious targets at 
doubling renewable energy sources from a 6% market share in 1995 to a 12% market 
share by the year 2010. It recognised bioenergy and transport as sectors where action 
must be taken to prevent climate change-related problems. Biofuels are included in the 
priority measures aimed at overcoming barriers and redressing the balance in favour of 
renewables to reach the 12% penetration target by 2010. However, section 2.2.3 of the 
Paper highlights that financial assistance will be necessary for this to happen. 
Nevertheless, the paper goes on to propose that a market share of 2% for biofuels be 
considered and that the contribution of bioenergy could be at 7% of total fuel 
consumption by 2010, thus driving developments in this field. 
3.4.2 Green Paper: Towards a European Strategy for the Security of Energy Supply 
(2000) 
This Paper recognised that the EU's external energy dependence is constantly 
increasing and that 50% of EU energy demands are met through imports; if no action is 
taken, this will increase to 70% by 2020/2030 (EC, 2000). Such external dependence 
	 75 	 
involves economic, social and ecological risks for the EU. However, it is noted that the 
EU does not yet have all the necessary means to change the international market, a 
weakness highlighted by the sharp rise in oil prices at the end of 2000 (Europa, 2007a). 
The Executive Summary states: 
`With regards to supply, priority must be given to the fight against global 
warming. The development of new and renewable energies (including biofuels) 
is the key to change. Doubling their share in the energy supply quota from 6% 
to 12% and raising their part in electricity production from 14% to 22% is an 
objective to be attained between now and 2010. If current conditions apply, they 
will stagnate around 7% in ten years. Only financial measures (tax deductions) 
would be able to buttress such an ambitious aim. One way which could be 
explored is that profitable energies such as oil, gas and nuclear could finance the 
development of renewable energies which, unlike traditional energy sources, 
have not benefited from substantial support.' 
European Commission (2000: p4) 
The Commission further emphasised the critical role of the transport sector with respect 
to both security of supply and climate change. The transport sector is heavily dependent 
on foreign oil, the energy source of greatest concern from a security of supply 
viewpoint; to reduce this external dependence, the EC adopted a medium-term target for 
the road transport sector - corresponding to the displacement of 20% of transport fossil 
fuels by alternative fuels before the year 2020, within which biofuels should make up 
7% (EC, 2000). This target is important, as it showed how the EC started to recognise 
the relationship between energy and transport-related issues. However, it is stressed 
that an increase in the role played by biofuels can only really be achieved if: 1) MSs 
make a firm commitment to achieving the ambitious and realistic objectives of the 
White Paper for 2010 (7% biofuels and 20% renewables); 2) the gap between the prices 
of biofuels and competing products is reduced by support measures (including fiscal); 
and 3) oil companies organise large-scale distribution infrastructure by way of voluntary 
agreements rather than Community regulations. Thus, this paper drives developments 
in this field and the design of political support measures to bring market penetration 
about. However, it also highlights how disappointing it is that at the Community level 
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there is no harmonisation on taxation in favour of biofuels and that this is a barrier to 
market penetration. Eight years on and many of these barriers have still not been 
addressed. 
3.4.3 White Paper: European Transport Policy for 2010: Time to Decide (2001) 
This Paper introduced the concept of security of supply into EU transport policy. The 
risk of oil supply disruption is identified as one of the major threats with regards the 
future of transport growth; moreover, congestion is increasing and road transport alone 
accounts for 84% of CO2 (transport-related) emissions (Europa, 2007a). Within the 
EU, the Paper proposed to balance the sectors growth through improved efficiency and 
larger use of renewable energy resources. It was recognised that `biofuels will help 
reduce the EU's energy dependence, improve the environment and also diversify 
production and jobs in agriculture' (EC, 2001b: p83). 
With regards to biofuels, the Paper comments that 'a key element to this gradual 
introduction of different types of substitute fuels is the directive now being drawn up by 
the Commission, which sets a minimum percentage of biofuels to be added to diesel and 
petrol placed on the market' (EC, 2001b: p77). It further stipulates: 'additional 
measures should be taken at the Community level to introduce substitute fuels, 
especially biofuels, and to stimulate demand for experimentation' (EC, 2001b: p82). 
The Commission therefore put forward two specific measures in 2001: 1) a regulatory 
biofuels Directive (2% initial market share, going up to 6% by 2010); and 2) new rules 
on tax reductions for biofuels. It is thus an important policy tool to drive developments 
in this sector. However, it was again recognised that there is a lack of harmonisation 
with regards to transport policy, which translates into a lack of harmonisation in policy 
for alternative fuels; thus acting as a barrier to market penetration. It is also an 
interesting point to note that target levels suggested in this Paper and the 2000 Green 
Paper are much higher than the reference targets finally agreed upon in the Directive; 
see section 3.5.1, below). 
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3.4.4 Communication on Alternative Fuels for Road Transport (2001) 
This Paper identified that biofuels, natural gas and hydrogen were potential future 
energy sources for the road transport sector (EC, 2001a). It strengthened previous 
papers, further recognising that the driving force behind long-term substitution of 
conventional fossil fuels is partly the need to improve the security of energy supply and 
partly to reduce the environmental impact of the transport sector. However, it does not 
set out to deliver the definitive answers to the described challenges, although it does try 
to identify an approach that would allow the EU to achieve the medium-term goal of 
20% substitution of conventional automotive fuel by 2020. Within this system, the 
Commission considers biofuels as an ideal alternative, as when based on EU grown 
crops, they are potentially 100% indigenous and CO2 neutral. This facet of carbon 
reductions is significant, particularly given the EU's commitments under the UNFCCC 
and the Kyoto Protocol. Biofuels are, for the short and medium-term, the only option; 
therefore launching the appropriate policy instruments to promote the introduction of 
biofuels will give a clear signal that the Community is serious about developing 
alternatives to petroleum products in transportation (EC, 2001a). 
However, it is noted in the paper that biofuels are an expensive option for climate 
change mitigation and that the direct and indirect energy consumed during growth and 
production of the crops means that potentially up to half (or more) of the CO2 benefit is 
sometimes offset. By recognising barriers to biofuels use, the Commission put forward 
that a significant increase in the use of biofuels will require further action at the EU MS 
level, both in terms of policy and R&D. 
In terms of fiscal policy, the paper strengthens previous statements that the 
fragmentation of fuel tax systems in Europe creates a barrier to market penetration, as 
well as European trade, with MSs adopting different tax exemptions on different fuel 
specifications. A new legislative instrument in favour of tax differentiation is therefore 
proposed as a package together with the Biofuels Directive, in order to give stability to 
the market through greater European approximation, thus driving the industry forward 
(EC, 2003b). 
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SECTION TWO: BIOFUELS POLICY INTIATI \TES AND 
LEGISLATION OF THE EUROPEAN UNION  
The instruments discussed in Section One have shaped the EU policy framework in the 
last thirteen years and paved the way for the introduction of specific policy instruments 
for alternative fuels. From these stem a variety of policy goals, such as a reduction of 
GHG emissions, the diversification of fuel sources, and the expansion of agricultural 
economies; and these motivated the EU-bloc to promote the production and use of 
biofuels. The EU subsequently included transport fuels produced from biomass as part 
of its policy strategy towards sustainable development and defined ambitious targets for 
the development of biofuels (EC, 2001b). The EU adopted a raft of policy measures in 
this regard: most notably, in 2003, two Commission Directives aimed at encouraging 
the development of biofuels were adopted, which have been updated and complemented 
by several other initiatives; described below. With the development of innovative 
biofuels technologies, Europe will be closer to reaching the objectives of EU energy 
policy, namely: 1) meeting the Kyoto objectives; 2) doubling the share of renewable 
energies of gross inland energy production; 3) improving energy efficiency; and 4) 
maintaining security of supply (Fagernas et al., 2006). 
3.5 	EC DIRECTIVES 
3.5.1 Directive 2003/30/EC — The EU Biofuels Directive 
In 2003, Directive 2003/30/EC was adopted by the EC (EC, 2003a). The primary 
political drivers behind the development of biofuels are described in the Directive itself: 
Article 1 establishes that the aim is to 'promote the use of biofuels or other renewable 
fuels to replace diesel or petrol for transport purposes in each Member State, with a 
view to contributing to objectives such as meeting climate change commitments, 
environmentally friendly security of supply and promoting renewable energy sources' 
(EC, 2003a: p3). The Explanatory Memorandum further states: 'increased production 
of raw material for biofuels could contribute to the multi-functionality of agriculture 
and provide stimulus to the rural economy through the creation of new sources of 
income and employment' (EC, 2003a: p22), a concept reaffirmed in the preamble to the 
Directive, point 15. Other positive impacts such as a reduction of air pollution 
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emissions and the increase in biofuels trade with developing countries, which could 
support sustainable development, are also mentioned (EC, 2003a). However, support to 
national or European production of biofuels is neither an aim nor a condition to be met, 
therefore imports of biofuels or raw materials to support national consumption are not 
directly prohibited or restricted under Directive 2003/30/EC, potentially threatening 
energy security goals if imports dominate, and environmental goals if the sustainability 
of these imports cannot be assured (see section 3.9). 
It is the intention that the Directive will push MSs to search for alternative fuels for 
transportation, with Article 3 (1) calling for an increased use of these and requiring that 
MSs 'assure that a minimum proportion of biofuels and other renewable fuels is placed 
on their markets, and, to that effect, shall set national indicative targets' (EC, 2003a: 
p3). The Directive goes beyond previous policy papers by establishing specific targets 
for the use of biofuels in legislation. The 'reference values' are for guidance purposes 
and are calculated on the basis of energy content of all petrol and diesel placed on their 
market at 2% by 2005 and 5.75% by 2010" (EC, 2003a). The Directive requires MSs 
to take account of these values in setting their indicative targets and use these to steer 
national policies and measures to build a minimum share for biofuels on their domestic 
markets; however, these are not mandatory (EC, 2004a; Fagernas et al., 2006). 
Therefore, while they constitute a moral commitment on behalf of MSs, there is no legal 
obligation for them to achieve the levels of biofuels use they have chosen to target. It 
would thus seem that the EU adopted an incremental approach to biofuels policy, 
reflected in the fact that the Directive did not, at the initial stage, contain specific 
requirements for MSs to 'take appropriate steps' to achieve their 2005 target (EC, 
2007c). Instead, the Directive contains a 'review clause' — Article 4 (2) requires MSs to 
report each year to the Commission on the measures taken to promote biofuels: 
`On the basis of this report, the Commission shall submit, where appropriate, 
proposals to the European Parliament and to the Council on the adaptation of the 
system of targets....If this report concludes that the indicative targets are not 
11 It should be noted that the reference values are calculated on the basis of energy content. Translating these 
reference values into equivalent values on the basis of sales by volume is not straightforward. Biodiesel and 
bioethanol both contain less energy content per unit of volume than fossil fuels, but the difference is more 
pronounced with respect to bioethanol. Translating the 2% and 5.75% reference values into percentage of sales by 
volume will therefore depend, inter alia, on the anticipated split between biodiesel and biocthanol (MT, 2004a). 
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likely to be achieved for reasons that are unjustified and/or do not relate to new 
specific evidence, these proposals shall address national targets, including 
possible mandatory targets, in the appropriate form.' 
European Commission (2003a: p5) 
National indicative targets should be set in accordance with country-specific conditions 
and where, due to national considerations, targets differ from the Directives reference 
values, the MS should justify this. Article 4 (1) lists possible reasons for this as: limited 
national potential for the production of biomass; the use of domestic biomass resources 
for other energy uses than transport fuels; specific technical or climatic characteristics 
of the national market for transport fuels and national policies that allocate comparable 
resources to the production of other transport fuels based on renewable energy sources. 
The Commission is then obliged to prepare an evaluation report on the progress made in 
MSs every two years.12 Thus, although this is a step in the right direction, the targets 
set are simply set on a volume/energy basis and do not cover environmental 
considerations or wider sustainability goals. A policy change is therefore required if 
these goals are to be assured. 
3.5.2 Directive 2003/96/EC — The Energy Taxation Directive 
One of the biggest obstacles to mainstreaming renewables (including biofuels) is that 
they are often not considered cost-competitive with non-renewables; consequently, 
governments can create policy that affects price competitiveness through subsidies and 
taxes (EC, 2003a; IEA, 2004; Fagernas et al., 2006). The Biofuels Directive 
acknowledged that biofuels need financial support to compete with conventional 
transport fuels and the EC therefore adopted a companion directive - on the taxation of 
energy products (EC, 2003c). Directive 2003/96/EC offers a legal framework for fiscal 
and other national measures to promote biofuels and is a direct driver to market 
penetration. Tax concessions should encourage biofuels, as excise exemptions or 
reductions can ensure these are price-competitive and therefore trigger large-scale 
production (Bomb et al., 2007). 
12 The first of which is discussed in section 3.5.3. 
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Before a duty scheme can be implemented however, the MS must first submit to the EC 
for approval; for which they will assess compatibility of the measure with EC rules 
(PWC, 2005). This assessment by the Commission has the aim of avoiding undue 
distortions and competition and is based in the Community guidelines on state aid for 
environmental protection (EC, 2006a). It establishes that full or partial tax exemptions 
may not over-compensate the cost disadvantage of biofuels (Jank et al., 2007). If this 
process is timely, this could act as a barrier if it delays market penetration of fuels; 
however, since the beginning of 2005, thirteen MSs13 have received state aid approval 
for new biofuels tax exemptions and thus proving this to be a strong political driver in 
this regard (EC, 2007c). 
3.6 	OTHER POLICY REPORTS 
3.6.1 Biomass Action Plan (2005) 
A Communication from the Commission — The share of renewable energy in the EU -
concluded that further efforts are needed in order to achieve the policy objectives of the 
two Directives (EC, 2004b; Jank et al., 2007).14 Subsequently, the Commission 
launched a Biomass Action Plan (BAP) in 2005 (EC, 2005): 
`The action plan sets out measures to increase the development of biomass 
energy from wood, wastes and agricultural crops by creating market-based 
incentives to its use and removing barriers to the development of the market. In 
this way, Europe can cut its dependence on fossil fuels, cut GHG emissions and 
stimulate economic activity in rural areas.' 
European Commission (2005: p5) 
In 2004, the EU met 4% of its energy needs from biomass; the main objective of the 
BAP is to double this share by 2010. The multiple benefits from doubling the share of 
biomass energy are recognised as: 
13 Austria, Belgium, Czech Republic, Denmark, Estonia, Hungary, Ireland, Italy, Latvia, Lithuania, Netherlands, 
Sweden and UK. 
14 To that extent, and in order to collect useful recommendations on how to reach these objectives, a Public 
Consultation was launched between February and March 2005, for the Biomass Action Plan. 
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The shares of fossil fuels in the EU's energy mix would decrease from 80% to 
75% and 8% less crude oil would be imported; 
GHG would be 209 MTon CO2-equivalent lower per year; and 
250,000 to 300,000 jobs could be created in the agriculture and forestry sector 
(EC, 2005a). 
The plan outlines thirty-one measures to promote biomass heating, cooling, electricity 
production and transport; followed by cross-cutting measures affecting biomass supply, 
financing and research (Fagernas et al., 2006). As such, actions should encourage and 
drive further developments within the biofuels fields. The main actions proposed 
included: 
A possible revision of the Biofuels Directive, which might set national targets 
for the share of biofuels and would oblige fuel suppliers to use biofuels; 
MSs national biomass action plans; 
Developing an industry-led research agenda with the launch of a `biofuels 
technology platform'; and 
Research into SG biofuels to power vehicle engines (EC, 2005a). 
3.6.2 An EU Strategy for Biofuels (2006) 
The Biofuels Strategy (EC, 2006a) aims to further promote opportunities for biofuels in 
the EU with a coherent approach to the reduction of the EU's dependency on imported 
fossil fuels, preparing the EU for large-scale use of biofuels in an environmentally 
sustainable manner. It suggests that biofuels 'are a direct substitute for fossil fuels in 
transport and can readily be integrated into fuel supply systems' (EC, 2006a: p3). 
Adopted along seven policy axes, The Strategy aims at: 
Stimulating demand for biofuels (including the use of national targets and 
biofuels obligations, measures to encourage SG biofuels and public 
procurement policies); 
Capturing environmental benefits (including measures to ensure GHG benefits 
and sustainability of feedstock cultivation); 
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Developing production and distribution of biofuels (in particular through 
national frameworks under cohesion policy and rural development); 
Expand feedstock supplies (including making sugar used for ethanol 
production and exploring other opportunities for additional processing of 
cereals); 
Expand trade opportunities (maintaining market access at no less than current 
levels and pursuing a 'balanced approach' in future trade negotiations); 
Supporting developing countries (accompanying measures for ACP/EU Sugar 
Protocol15 countries affected by the EU sugar reform to support the 
development of ethanol production); and 
Support R&D. 
These are visionary objectives for a transport fuel strategy and highlight the multiple 
branches of policy that a successful EU biofuels industry should support; namely, 
energy, environment, agriculture, trade and transport. Interestingly, when this was 
launched in 2006, the EU had failed to reach its 2% target, instead only attaining a 
market share of 1.4% over the EU-bloc; something that was not highlighted in the 
Strategy. At the launch of the Strategy, Mariann Fischer Boel - the Commissioner for 
Agriculture and Rural Development - made her feelings clear as to the highly ambitious 
benefits biofuels production could bring the EU: 
"There has never been a better moment to push the case for biofuels...Crude oil 
prices remain high. We face stringent targets under the Kyoto Protocol. Recent 
controversy over imports from Russia has underlined the importance of 
increasing Europe's energy self-sufficiency. 	Raw materials for biofuel 
production also provide a potential new outlet for Europe's farmers, who have 
been freed by CAP reform entrepreneurs." 
Europa (2006) 
15The Sugar Protocol is a legally binding intergovernmental agreement between the African, Caribbean and Pacific 
signatory States and the European Union with obligations to be met by all contracting parties. As a consequence, any 
reform of the EU Sugar Regime must respect the rights and obligations enshrined in the Protocol. This agreement, 
which was signed in 1975, guarantees access to the EU market for fixed quantities of ACP sugar at preferential prices 
over an indefinite period of time. The Sugar Protocol has been hailed the world over as a model for development 
cooperation, as it has brought significant benefits to the economies of small and vulnerable ACP countries (ACP, 
2005). 
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The Strategy is therefore a critical paper within this sector, highlighting the necessity 
for biofuels in the transport sector and also the measures needed to ensure their market 
penetration. However, again, environmental sustainability is not a consideration and 
further policies measures are envisaged. 
3.6.3 Biofuels Progress Report (2006) 
The progress report concluded that increased biofuels use would bring substantial 
security of supply and GHG benefits; however, although biofuels consumption is 
growing rapidly in the EU — due largely to efforts of a limited number of MSs — the 
progress made by the EU as a whole is not enough to achieve the Biofuels Directive's 
objectives. The report showed that in 2005, biofuels only reached 1% of the market and 
that the EU is missed the 5.75% target for 2010. Indeed, only two countries — Sweden 
and Germany — reached the target of 2% by 2005 (EC, 2007c). 
Regarding the future revision of biofuels legislation in the EU, the Commission aims for 
a proposal to strengthen the regulatory framework for biofuels, with three main 
elements: 
The need to send a clear signal of the Commission's determination to reduce 
the EU's dependence on the use of petroleum in transport and to move to a 
low-carbon economy; 
The need to set a minimum target for the share of biofuels in 2020 (10%); and 
The need to ensure that the use of poor-performing biofuels is discouraged, 
while the use of biofuels with good environmental and security of supply 
characteristics are encouraged (EC, 2007c). 
However, the report highlights barriers to reaching targets within Europe, such as high 
production costs. Although it does not offer any real impetus for MSs to reach these 
targets, merely highlighting the barriers should encourage research to overcome these 
and further progress towards environmentally sound biofuels. 
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3.6.4 An Energy Policy for Europe (2007) 
This Paper offers a strategic review of the European energy situation and introduced a 
complete set of energy policy measures. With these, the EU intends to create a high 
efficiency energy economy with low CO2 emissions. Regarding renewable energies, the 
Commission acknowledged that these undeniably contribute to mitigating climate 
change, securing energy supply and creating employment in Europe; however, as 
renewable energies cost more than traditional energy sources, they remain on the fringe 
of the European energy mix. It is not suggested how this should be addressed. The 
Presidency Conclusions of the Brussels European Council (8/9 March 2007) agreed on 
this mandate: 
`The European Council reaffirms the Community's long-term commitment to 
the EU-wide development of renewable energies beyond 2010, underlines that 
all types of renewable energies, when used in a cost-efficient way, contribute 
simultaneously to security of supply, competitiveness and sustainability, and is 
convinced of the paramount importance of giving a clear signal to industry, 
investors, innovators and researchers. For these reasons... it endorses the 
following targets: 
A binding target of a 20% share of renewable energies in overall EU 
energy consumption by 2020; 
A 10% (by energy) binding minimum target to be achieved by all MSs 
for the share of biofuels in overall EU transport petrol and diesel 
consumption by 2020. The binding character of this target is appropriate 
subject to production being sustainable, second-generation biofuels 
becoming commercially available and the Fuel Quality Directive being 
amended to allow for adequate levels of blending.' 
EC (2007d: p21) 
The targets are binding and should therefore encourage biofuels use; however, as 
pointed out by the UK Government, a 10% by energy content target equates to a 13% 
by volume (on average) target and this may be difficult to achieve for many MSs (UK 
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Government, 2007a). It is not clear from the paper how these targets should be met or 
how barriers should be addressed and therefore remains ambiguous. 
3.6.5 Renewable Energy Directive (RED) (2008) 
In 2008, the EC released a Proposal for a Directive on the promotion of the use of 
renewable energy, hereafter referred to as RED. According to the proposal, each 
MS should increase its share of renewable energies - such as solar, wind or hydro - in an 
effort to boost the EU's share from 8.5% to 20% by 2020 (EC, 2008a). The 2020 target 
is legally binding and the Commission has indicated that it could pressure earlier legal 
action in cases where the progress in the MS is so limited that it is clear the final target 
cannot be reached (EC, 2008a; REW, 2008). However, most MSs already appear to be 
falling short of both renewable energy and biofuels targets. 
Arthouros Zervos, President of the European Renewable Energy Council said: 
"The long awaited Directive contains the necessary elements which should help 
meet the 20% target. Now we expect the Member States and the Parliament to 
further improve the legislative document and agree on the directive this 
year.....We hope all parties will stick to their commitments to make this happen. 
The whole world is watching us. It is up to us to prove the EU is serious and 
efficient in guaranteeing affordable and clean energy supply to its citizens." 
REW (2008) 
EU countries are free to decide their preferred 'mix' of renewables in order to take 
account of their different potentials but must have presented national action plans 
(NAPs) outlining their strategies to the Commission by March 2010. The plans are 
defined along three sectors: electricity, heating and cooling, and transport. Vis-a-vis 
biofuels, the draft Directive states that as part of the 20% renewable energy target, each 
MS is required to achieve a binding 10% share for renewable energy in road transport 
fuels; so long as sustainability conditions are met, thus driving environmental 
sustainability in this field. SG biofuels are distinguished from FG in Article 18 (4): 'the 
contribution made by biofuels produced from wastes, residues, non-food cellulosic 
material, and ligno-cellulosic material shall be considered to be twice that made by 
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other biofuels' (EC, 2008a). If the Directive aims to promote SG rather than FG 
biofuels, which are generally recognised as significantly more advanced 
environmentally, the author considers this a positive feature given the constraints 
highlighted surrounding FG biofuels (discussed in Chapter Four). 
However, concerns over the use of biofuels for transport have repeatedly hit the 
headlines; therefore by far the most controversial element of the proposal for a RED is 
the binding requirement that 10% of energy consumed by road transport be from 
renewable sources. For example, the well-respected Gallagher Review concludes that 
the mandatory 10% renewable fuels target is not justifiable by scientific evidence, 
although it would be possible if a number of important conditions are met, including, 
inter alia, sufficient controls on land-use change being enforced globally as part of a 
new climate agreement (RFA, 2008a). In this regard, a novel facet of the RED is 
Article 15, which addresses sustainability issues. However, the current threshold in the 
RED is set at savings of 35% for GHG emissions (as compared to fossil fuels), which is 
considered inadequate; this could be reached with FG biofuels; which are highly 
criticised for this reason. If inefficient biofuels were still used, this would still mean 
sacrificing huge amounts of land for little GHG emissions benefits and would almost 
represent a step backwards in terms of development of biofuels for environmental 
purposes. Additionally, the lack of internationally agreed criteria for sustainable 
biofuels production and the muddle of different government measures aimed 
at sheltering domestic markets are holding back growth in global biofuels trade and 
could stunt EU progress towards its goal of gradually replacing oil in transport. 
3.7 	FUEL STANDARDS 
There is a need for standardisation in the biofuels sector because, although production 
conditions and raw materials are different in various countries, the requirements from 
the application of automotive fuels are very similar all around Europe. Fuels standards 
are important for producers, suppliers, and consumers of biofuels and authorities need 
approved standards for the evaluation of safety risks and environmental pollution. For 
these reasons, fuel standards and norms are a prerequisite alongside biofuels market 
penetration and commercialisation (Di Lucia, 2005). 
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3.7.1 Directive 98/70/EC - The Fuel Quality Directive 
In 2003, the EU's environmental specifications for market fuels were amended to 
establish specifications for petrol and diesel with the new specifications incorporating 
biofuels. 	The Biofuels Directive establishes that biofuels must comply with 
Community legislation on fuel quality, vehicle emissions and air quality. As such, 
biofuels market penetration is partly controlled by the air and fuels quality standards: 
Directive 98/70/EC sets technical specifications for petrol and diesel on environmental 
and health grounds, i.e. limits on the content of ethanol, ether and other oxygenates in 
petrol (EC, 2003d). In line with this, the European Committee for Standardisation 
(CEN) Standard EN590 states that diesel must contain no more than 5% biodiesel by 
volume (4.6% in energy terms). 
Bomb et al. (2007) and the EC (2005) note that these limits constrain an increased use 
of biofuels - no MS may prohibit, restrict, or prevent the placing on the market of fuels 
which comply with the Fuel Quality Directive's requirements. Consequently, regulators 
may not force petrol and diesel suppliers to blend them with a minimum percentage of 
biofuels (Bomb, 2005). The Directive could thus be a barrier to the development of the 
industry, as blends greater than 5% will not be permitted and market penetration may 
therefore not be sufficient to achieve policy targets. 
3.7.2 Amendment of Directive 98/70/EC 
In negotiations on the Fuel Quality Directive, the UK argued that meeting the proposed 
GHG reduction target by 2020 would require the use of biofuels in a volume greater 
than 10% blend (UK Government, 2008). Therefore, in order to comply with the EU 
Presidency conclusions targets and the RED, which set a minimum legal target of 10% 
biofuels in 2010, Directive 98/70/EC must be amended. To this end, the Commission 
issued a proposal for a directive in 2007 and the introduction of a mechanism to monitor 
and reduce GHG emissions from the use of road transport fuels (EC, 2007e). One of 
the main elements of the proposal is the establishment of a separate petrol blend, which 
includes up to 10% ethanol blends. The Impact Assessment of the Renewable Energy 
Road Map announced that CEN is also working on a Commission mandate for a 10% 
share of biodiesel. This issue is ongoing. 
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3.8 	EUROPEAN UNION COMMON AGRICULTURAL POLICY (CAP) 
EU crop production patterns have traditionally been heavily influenced by CAP with its 
high support prices, planting restrictions, intervention buying and rigid border controls 
(Bomb, 2005; Schnepf, 2006). However, agricultural policy has been slow to respond 
to driving forces of energy and transport policy (Nilsson and Nilsson, 2005). The 2003 
CAP reform changed the way the EU supports its farm sector, as it shifted CAP from 
paying farmers subsidies that encourage over-production, towards measures that support 
sustainable farming, rural development and the environment (Fagernas et al., 2006). 
The core of the agreement is decoupling, which means that payments are no longer 
linked to production levels but will instead depend on land being kept in good 
environmental and agricultural conditions meaning farmers can respond freely to 
increasing demand for energy crops and hopefully encourage environmental 
sustainability in this sector. 
3.8.1 Energy Crop Payments 
Following the 2003 CAP reform, farmers have the option for: 
1. 	Single Payment Scheme (SPS): Farmers may apply for a payment per hectare 
of crops produced, including energy crops subject to cross compliance rules 
including not converting permanent pasture to arable: Agricultural raw 
materials cultivated and used for the production of biofuels, shall be obtained 
in accordance with the requirements and standards under the provisions listed 
in point A of Annex III to Council Regulation (EC) No. 1782/200317 under 
the heading "Environment" and in accordance with the minimum requirements 
for good agricultural and environmental condition defined pursuant to Article 
5(1) of that Regulation; 
This is a driver where farmers follow energy crops. Moreover, a stakeholder from the 
CLA commenting that there will be a gradual decline from such intensification of the 
land now that old style subsidies have been abolished, which will reduce the amount of 
land required for grazing livestock and will therefore reduce the amount of grain 
required for this - meaning that there will be more land and crops available for the 
production of biofuels. 
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3.9 	EU BIOFUELS TRADE AND IMPORT RULES 
Despite policies to encourage domestic production of biomass, the EU recognises that it 
is highly unlikely that the EU-bloc will be able to meet its 10% binding target without a 
combination of domestic production and imports (Kraemer and Schlegel, 2007). The 
BAP (EC, 2005) states that an autarkic approach to meeting the EU's needs is neither 
possible nor desirable; however the EU has some discretion about how far to encourage 
domestic production or imports. The EU established that `biofuels development and 
their use offer an opportunity for trade to promote sustainable development' (EC, 
2001b: p26). 
In theory, as the Biofuels Directive does not prevent MSs from importing biofuels, 
imports can either be supplied from other MSs or from countries outside the EC. If 
imports are supplied from other MSs, the Treaty explicitly prohibits the introduction of 
customs duties and charges with equivalent effect and quantitative restrictions between 
MSs —Art. 25,16 2817 and 29.18 If biofuels are imported from outside the EU, EU 
import rules and tariffs apply and imports are subject to duties and restrictions, 
depending on the classification of the product in the 'common tariff schedule'. It should 
be taken into account that import rules and tariffs are motivated with the protection of 
the internal market and EU producers from price competitive non-EU products (Di 
Lucia, 2005). It should also be taken into account that import rules and tariffs are likely 
to become strategic issues if EU demand increases faster than the production of 
biofuels, as demand would likely be met with imports. In this context, the EU Council 
Regulation No. 670/2003, point (9), states: 'it is appropriate to confer on the 
Commission the power to open and administer tariff quotas resulting from international 
agreements concluded in accordance with the Treaty' (EC, 2003b: pl). Internationally, 
import duties are negotiated within the World Trade Organisation (WTO) framework 
and cannot be changed unilaterally by the EU - a country can change its obligations 
only after negotiating with its trading partners (PWC, 2005). In this regard, the EU is 
negotiating with Latin American countries to reduce tariffs for the import of bioethanol 
in the EU to permit movement of biofuels between these countries (Di Lucia, 2005; 
16 Article 25: Customs duties on imports and exports and charges having equivalent effect shall be prohibited 
between Member States. This prohibition shall also apply to customs duties of a fiscal nature (EC, 2002: p15). 
17 Article 28: Quantitative restrictions on imports and all measures having equivalent effect shall be 	prohibited 
between Member States (EC, 2002: p17). 
18 Article 29: Quantitative restrictions on exports, and all measures having equivalent effect, shall be prohibited 
between Member States (EC, 2002: p17). 
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Ryan et al. 2006). This is with a view to the importance of eliminating barriers to trade 
in environmental goods and services (EG&S) as a key to improving environmental 
protection (Steinbrink, 2005). 
In 2004, the EU imported nearly 825,000 gallons (Gals) of bioethanol (EC, 2007c). 
About 36% of this volume was imported as normal Most-Favoured Nation19 (MFN) 
trade and subject to import duties of €0.39/Gal on denatured alcohol and €0.73/Gal on 
un-denatured alcohol. Biomass productivity — whether sugar cane for bioethanol or 
palm oil for biodiesel — is highest in tropical environments. As a result, biofuels 
production costs are relatively lower in a number of developing countries, most notably, 
ethanol production in Brazil - making biofuels from Brazil more attractive than those 
from the EU. Brazil is the largest ethanol exporter to the EU and during the 2002-2004 
period, accounted for 25% of EU ethanol imports (see further discussions in Chapter 
Seven). However, it is not only Brazil but most developing countries which are better 
placed to produce biofuels as they tend to have spare agricultural capacity, land, climate 
and cheaper labour costs - increased trade would therefore strongly benefit these 
developing countries (although it would only benefit the international climate change 
agenda if environmental sustainability can be assured). Global trade in biofuels remains 
fairly small however, especially relative to both biofuels demand and traditional fossil 
fuels trade. If international certification was implemented, increased biofuels trade 
could significantly benefit developing and developed countries. 
With the mandate towards global trade liberalization and environmental sustainability, 
the WTO has started negotiations on the reduction or elimination of tariff and non-tariff 
barriers to EG&S. However, there is no agreement on what should be included in this 
category and therefore whether biofuels are part of the EG&S as 'goods and services to 
measure, prevent, limit, minimise or correct environmental damage to water, air and 
soil as well as problems related to waste, noise and eco-systems' (Steenblik, 2005: p1). 
Consequently, removal of international trade barriers is a possible near future 
development in the context of WTO rules that could influence both biofuels' production 
19 In international economic relations and international politics, MFN is a status or level treatment accorded by one 
state to another in international trade. The term means the country which is the recipient of this treatment must, 
nominally, receive equal trade advantages as the "most favoured nation" by the country granting such treatment. 
Trade advantages include low tariffs or high import quotas. In effect, a country that has been accorded MFN status 
may not be treated less advantageously than any other country with MFN status by the promising country. 
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and consumption within the EU. The EU Strategy for Biofuels states that the EU will 
pursue a 'balanced approach to ongoing and future trade negotiations' and will 
`respect the interests of both domestic producers and EU trading partners' (EC, 2006a: 
p13). However, the lack of any form of sustainability assurance is cited as a barrier to 
the further development of biofuels (Chapter Four). This is particularly important 
where imports will be relied upon but where there is no assurance that the imports come 
from sustainable sources, meaning any negative environmental effects or land-use 
displacement issues are not safeguarded; this would be counter-productive to the 
consumption of biofuels in the first instance. 
The recent RED has been praised for attempting to address sustainability issues 
associated with biofuels. Indeed, Article 15 states: Tiofuels and other bioliquids that 
do not fulfil the environmental sustainability criteria in Article 15 shall not be taken 
into account' (EC, 2008a: p32). However, Article 15 does not explicitly clarify if 
feedstocks cultivated outside the EU-bloc are expected to satisfy the same sustainability 
criteria, although MSs would appear to be able to use such feedstocks to meet these 
obligations (Aidelojie and Makuch, 2008). The EU Strategy for Biofuels stated 'market 
access conditions for imported bioethanol will be no less favourable' than under current 
trade negotiations (EC, 2006b: p13). The Strategy insists that biofuels production in the 
developing world must be done in a way which is positive for the environment and 
which supports sustainable development of both feedstocks and biofuels. The 
Commission therefore has to consider whether only biofuels meeting minimum carbon 
emissions or other standards should qualify for the indicative targets, as this may 
exclude imports from abroad and be considered a barrier to trade. If imported biofuels 
are to be subject to the same sustainability criteria, then this could be inconsistent with 
other policies and legislation related to international trade provisions and conflicts could 
arise in terms of GATT/WTO compatibility (Aidelojie and Makuch, 2008). Questions 
are also being raised about whether this Directive is consistent with WTO rules such as 
Article 3 of the Agreement on Subsidies and Countervailing Measures, which prohibits 
`subsidies contingent, whether solely or as one of several other conditions, upon the use 
of domestic over imported goods' (WTO, 1994: p231) and Article III (national 
treatment) of GATT (WTO, 1947). The driver/barrier effect that the RED will have 
therefore remains ambiguous, particularly if the indirect-effects of non-EU biofuels are 
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not accounted for; or if they are, if they are in conflict with other regulations and 
policies, such as WTO/GATT rules. 
The EU-bloc could move away from favouring unsustainable EU-produced biofuels and 
be open to accepting imports if they are cheaper and cleaner biofuels. However, the 
three most important drivers of biofuels are climate change mitigation, energy security 
and the development of local rural economies (Chapter Four); therefore if the EU is 
relying on imports, particularly ones of questionable origin, the author believes that this 
is contradictory to the reasons behind the EU's move towards biofuels in the first place. 
Additionally, the House of Lords (2006) commented that although biofuels use 
produces less CO2 emissions than the use of fossil fuels, this might be partly (if not 
wholly) negated by environmental costs in their country of origin and by transportation 
to the point of use. Even though MSs can seek guarantees from developing countries 
about the sustainability of the crops they are importing, accurate monitoring and 
evaluation is notoriously hard to enforce. A potential policy change is necessary if 
these issues are to be resolved. 
SECTION THREE: IMPLEMENTATION 
3.10 IMPLEMENTATION OF THE EUs OBJECTIVES 
The extent to which biofuels can realistically contribute to environmental and economic 
objectives will vary according to national circumstances and therefore judgements as to 
their validity should remain the preserve of each MS. Some MSs have been more 
successful than others at promoting biofuels; therefore when looking at how policy 
mechanisms have acted as a driver or barrier to biofuels, it is logical to examine the 
implementation successes and failures of these mechanisms across the EU-bloc. 
The EU's production of biofuels amounted to 2.4 MTon in 2004, which is equivalent to 
0.8% of total EU petrol and diesel consumption - an increase of 26.6% from 2003. 
Within this, EU bioethanol production amounted to almost 500,000 tonnes (t) — an 
increase of 15.6% on 2003 levels (see Figure 7). Biodiesel production was close to 2 
MTon compared to 1.5 MTon in 2003 — a 29.6% growth in a single year (see Figure 8). 
Biodiesel also represented 1.6% of the diesel market in 2005, while ethanol only 
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By 2005, biofuels were in use in all but four of the twenty-one MSs for which data are 
available and their market share reached an estimated 1%.2° The EC stated in their 2006 
progress report that this represented a good rate of growth — a doubling in two years; 
however, this is still less than the indicative target of 2%, and less than the 1.4% share 
that would have been achieved if all MSs had met their national targets. As the House 
of Lords (2006) noted, twelve EU countries, including the UK, did not set targets 
equivalent to the EU reference values for 2005. The progress report therefore indicated 
it is unlikely that the goal of 5.75% by 2010 will be met given current biofuels targets, 
support, and even technology availability (EC, 2007c). 
The evidence therefore indicates that although the Biofuels Directive set targets for the 
EU as a whole, the extent to which each individual MS consumes and produces biofuels 
varies to a great degree. The growth in consumption of biofuels has been concentrated 
in only a few countries - only Sweden and Germany achieved the goal of 2% by 2005, 
with 2.2% and 3.8%, respectively and only Austria, France and Lithuania achieved as 
much as 0.7% (see Table 7). However, whereas MSs may be criticised for a lack of 
results in terms of implementation of biofuels, the targets set by the EU are not 
mandatory. 
The House of Lords (2006: p15) comments: 
`The Directive provides the Commission with a useful policy instrument through 
which pressure may be brought to bear on MSs to increase biofuels 
production....and consider that in some measures the targets set within the 
Directive are responsible for the increased use of biofuels in the EU in recent 
years. But the current Directive has failed to enable the EU to reach the 2005 
target of 2% market share of biofuels and additional measures will need to be 
established if the higher target of 5.75% market share is to be reached by 2010.' 
20 Biodiesel accounted for about 80% of this, bioethanol 20%. 
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Etj TARGET 2.00 
Austria 0.06 0.06 0.93 2.50 2.50 4.30 5.75 5.75 5.75 
Belgium 0.00 0.00 0.00 2.00 2.75 3.50 4.25 5.00 5.75 
Cyprus 0.00 0.00 0.00 1.00 
Czech Republic 1.09 1.00 0.05 3.70 (2006) 1.78 1.63 2.45 2.71 3.27 
Denmark 0.00 0.00 No data 0.10 0.10 
Estonia 0.00 0.00 0.00 2.00 2.00 5.75 
Finland 0.11 0.11 No data 0.10 
France 0.67 0.67 0.97 2.00 5.75 7.00 
Germany 1.21 1.72 3.75 2.00 2.00 5.75 
Greece 0.00 0.00 No data 0.70 2.50 3.00 4.00 5.00 5.75 
Hungary 0.00 0.00 0.07 0.40-0.60 5.75 
Ireland 0.00 0.00 0.05 0.06 1.14 1.75 2.24 
Italy 0.50 0.50 0.51 1.00 2.00 2.00 3.00 4.00 5.00 
Latvia 0.22 0.07 0.33 2.00 2.75 3.50 4.25 5.00 5.75 
Lithuania 0.00 0.02 0.72 2.00 5.75 
Luxembourg 0.00 0.02 0.10 0.00 2.75 5.75 
Malta 0.02 0.10 0.52 0.30 
Netherlands 0.03 0.01 0.02 2.00 (2006) 2.00 2.00 5.75 
Poland 0.49 0.30 0.48 0.50 1.50 2.30 5.75 
Portugal 0.00 0.00 0.00 2.00 2.00 3.00 5.75 5.75 5.75 
Slovakia 0.14 0.15 No data 2.00 2.50 3.20 4.00 4.90 5.75 
Slovenia 0.00 0.06 0.35 0.65 1:20 2.00 3.00 4.00 5.00 
Spain 0.35 0.38 0.44 2.00 
Sweden 1.32 2.28 2.23- 3.00 5.75 
United Kingdom 0.02621  0.04 Q.18. .0:19. 2: 2..0023  2.8024 3.502' 
E.U.25 0.05% 0.7% 1.0% (estimate) 1.4% 5.4526 
Source: EC (2007c) 
21  0.03% in volume terms, equating to 0.26% in energy content, assuming 100% biodiesel. 
22  0.3% in volume terms, equating to 0.19% in energy content, assuming 50:50 split between biodiesel and bioethanol. 
23 2.5% in volume terms, assuming 100% biodiesel 
24 3.75% in volume terms, assuming biodiesel at 66% of total biofuel sales 
25 5% in volume terms 
26 Share for those MS that have reported a target for 2010 
It would thus appear that MSs do not have the necessary impetus to reach targets and 
drivers behind biofuels and the EC endorsement do not match the priorities of MSs. It 
therefore seems highly unlikely that the EU will reach either the 5.75% target for 2010 
or the 2020 binding target of 10%. In the context of a regulatory framework for 
biofuels across the EU, this is considered insufficient. Fiscal and other policy 
incentives, particularly on the part of national governments across MSs, are lacking. 
The House of Lords (2006) highlighted that as demand for biofuels grows, the pressure 
on EU biofuels producers to supply sufficient volumes of bioethanol and biodiesel 
grows, but witnesses highlighted that production capacity, land-use and technical 
barriers, are factors affecting the establishment of a viable EU biofuels industry. There 
is consequently a need for biofuels production capacities to increase in order to meet the 
future demand for biofuels, as growth in biofuels consumption in the EU has not been 
matched by an increase in production facilities. The EU needs to develop an 
appropriate policy framework and MSs need to provide appropriate incentives to 
encourage further investment in environmentally sound production facilities. 
The Biofuels Directive, CAP and Tax Relief are the extent of EU policies for biofuels 
upon which to judge implementation thus far. Although these are EU-wide policies, 
which encourage common goals across MSs, there exists considerable State-level 
variation in terms of the degree of participation in biofuels requirements, incentives, 
production and use (Schnepf, 2006). The non-harmonisation of policies at the EU-level 
has encouraged MSs to act as free-riders and implement their own action plans and 
instruments, independent of those policies carried out in the rest of the EU-bloc. This 
leads to very heterogeneous situations, in the production of FG biofuels. As shown in 
Table 7, this heterogeneity translates into blending percentages well below those stated 
in the Directive (Jank et al., 2007). However, the Biofuels Progress Report (2006) 
states that unevenness between MSs is diminishing. Since 2005, thirteen MSs27 have 
received state aid approval for new biofuels tax exemptions and at least eight MSs have 
brought biofuels obligations into force or announced plans to do so, demonstrating that 
MSs are implementing policy measures aimed at supporting national biofuels 
consumption (EC, 2007c; Kraemer and Schlegel, 2007). The situation seen with 2005 
targets could therefore possibly change once new policy measures come online. 
27  Austria, Belgium, Czech Republic, Denmark, Estonia, Hungary, Ireland, Italy, Latvia, Lithuania, Netherlands, 
Sweden and UK 
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Regarding 2010, nineteen MSs have already set targets (as indicated in Table 7), which 
account for 5.45% of the fuel market. If achieved, this a shortfall of 0.3% compared to 
the desired objective (EC, 2007c). However, in 2005, among the twenty-one MSs for 
which data is available, only two achieved their target share - the average MS only 
achieved 52% of its target. The Commission thinks this experience indicates that the 
shortfall will be much greater in 2010, indeed, if the shortfall were half as much as this 
in 2010, the EU would achieve only 4.2% market share. The EC considers that this is a 
reasonable estimate of the likely outcome considering existing policies and measures. 
Such evidence provides justification that new policies in this direction are required. 
However, at the time of writing, the 10% target for biofuels is being revised and 
consulted upon within the EC. Closer to home, the UK Government has slowed down 
the adoption of biofuels amidst worries that biofuels are responsible for raising food 
prices and that they actually do more harm than good to the environment. The 
Transport Secretary, Ruth Kelly, said biofuels had the potential to cut carbon emissions 
but there were 'increasing questions' surrounding them, further stating that 'we need to 
proceed cautiously until we can be certain that their expanded growth and use 
maximises the benefits and minimises the risks to our world' (BBC News, 2008). The 
Gallagher Review (UK RFA, 2008a) recommends that ministers 'amend not abandon' 
biofuels policies whereas World Bank president Robert Zoellick has called for reform in 
rich countries, urging them to grow more food instead. With regards to this research, in 
which it is stated that the EU is failing at policy implementation and that further efforts 
are required, one must also consider the current situation in Europe, where attitudes 
towards biofuels are shifting. Consequently, the role of the policy-maker may change, 
from making policies encouraging biofuels uptake for climate change and 
environmental reasons to making policies of purely economic advancement. 
3.1 I CHAPTER SUMMARY 
This chapter sought to address research question 1 and its objectives. The analysis of 
the climate change paradigm within the EU has demonstrated that this effectively 
launched the foundation upon which to build renewable energy policies, as a means to 
mitigate the challenges posed by it. Such policies have thus paved the way for 
instruments to encourage specific renewable technologies, in the case of this thesis, 
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biofuels. However, despite the fact that these policy frameworks are encouraging 
market penetration of biofuels in EU MSs, implementation is not effective across the 
board and some MSs are progressing further than others due to the many barriers than 
hinder their development. As a consequence, the analysis in this chapter has illustrated 
that there is a gap in knowledge to be addressed, with regards to reasons for policy 
success and failure. In doing so, it has paved the way for the subsequent chapter, which 
details the drivers and barriers to biofuels policy implementation and market 
penetration; in view of utilising these in the design of the revised policy framework of 
Chapter Eight. 
1 01  
4 PRACTICAL AND THEORETICAL DRIVERS AND BARRIERS 
4.1 INTRODUCTION 
This chapter aims to deepen understanding of the drivers and barriers to effective policy 
implementation and market penetration of biofuels. Divided into two sections, Section 
One examines drivers and barriers at the practical level (i.e. factors that have been 
proven through an evidentiary basis); and which incorporates the results of a 
stakeholder survey.28 Section Two examines drivers and barriers at the theoretical level 
(i.e. factors cited within the literature but which are without an evidentiary basis). The 
latter providing a list of theoretical factors to be tested in the UK, US and Brazilian case 
studies. 
SECTION ONE: PRACTICAL DRIVERS AND BARRIERS  
4.2 	PRACTICAL DRIVERS TO THE MARKET PENETRATION OF BIOFUELS 
4.2.1 Environmental Drivers 
Climate Change 
Climate change is recognised as the biggest policy driver for market penetration. It 
dictates the need for a reduction of CO2 emissions and the EC (2007f) and UN (2007) 
recognise that the challenges of climate change need to be tackled effectively; 
underlying the importance of achieving the strategic objective of limiting the global 
average temperature increase to no more than 2°C above pre-industrial levels. 
Combating climate change is one of the main commitments under the sustainable 
development strategy of the EU (Fagernas et al., 2006). 
The EU expects CO2 emissions from transport to rise by 50% from 1990 to 2010; driven 
mainly by the road transport sector. The EU requires that dependence on oil — currently 
98% in the transport sector - be reduced by using alternative fuels (EC, 2001b). The 
IPCC (2001), EC (2001a; 2003a), Concawe and Eucar (2003), Clini et al. (2005) and 
Londo et al. (2006), as well as survey respondents, identified that biofuels present the 
28 See Annex 2 for survey. 
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only commercially available option for contributing towards CO2 emissions reductions 
in the transport sector (potentially offering between 7 to77% direct GHG emissions 
savings. 
4.2.2 Institutional Drivcrs29 
Energy Security 
Energy security is documented as an institutional driver towards biofuels market 
penetration. Over 80% of the world's primary energy supply is derived from fossil 
fuels, sources of which are finite. In 2004, thirty billion barrels of oil were consumed 
worldwide, while only eight billion barrels of new oil reserves were discovered in new 
accumulations, a number that excludes reserve growth in existing fields (IEA, 2006). 
Lord Browne, in his speech at the Launch of Statistical Review of World Energy 2006, 
said that worldwide demand for this oil grew by 1.3% in that year (Browne, 2006). It is 
clear that future demand for oil will be difficult to meet, threatening energy 
consumption and raising concerns over national energy security. A global decline in oil 
production would likely have serious social and economic implications globally. 
Focusing on the transport sector, where most fossil fuel seems to be consumed (55% 
worldwide), it is apparent that alternatives to fossil fuels need to be found (Hirsch et al., 
2005). The EC (1997; 2003a), Slingerland and Van Geuns (2005) and Londo et al. 
(2006) identified that security of energy supplies will become a central consideration for 
any government in the exercise of its policy with regards the transport sector. In this 
manner, it is a large driver for the biofuels industry, which can reduce dependency on 
energy imports and increase security of supply. Andris Piebalgs, Commissioner for 
Energy said: "The transport market is today almost entirely dependent upon oil-based 
fuels...It is now urgent that all MSs line up to their commitment to develop an 
alternative fuel strategy for transport and tackle this over-dependence, which is a 
significant source of...supply concerns for the EU" (Europa, 2005a). 
Political Risk 
Political risk, defined as 'any political change that alters the expected outcome and 
value of a given economic action', is a driver for biofuel use as most of the world's oil 
reserves are concentrated in just a few countries, many of which are politically unstable. 
29 By institutional one means factors within policy, regulation and government 
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(PWC, 2006: p5). This insecurity drove oil prices to highs of $147 a barrel in July 2008 
(Wickerson, 2008). Slingerland and Van Geuns (2005) think that this might be the 
basis for future conflicts between nations aiming at securing the remaining reserves for 
themselves; making this an unstable source of energy. 
EU Policy and Regulatory Framework 
Environmental regulations are established by government action. The UN (2007), 
Cramer et al. (2006), as well as survey respondents, recognised that knowledge and 
policies, at the national level, are crucial in providing and sustaining a solid base for 
action in the bioenergy field. A raft of policy initiatives are underway within the EU to 
increase the proportion of biofuels used in road transport over the next decade. 
Chapters Three and Five of the thesis demonstrate where market penetration in many 
EU MSs has been as a direct consequence of policies set at the EU level; in particular, 
the Biofuels Directive, the Energy Taxation Directive and CAP. Such work provides 
evidence of the strength of this policy driver for biofuels. 
International Agreements 
Chapter Three outlines the UNFCCC and its Kyoto Protocol requirement for 
governments to address their consumption of fossil fuels and impose legally binding 
targets for GHG emissions reductions. These agreements are pursued for environmental 
purposes and are legally binding. The UN climate change secretariat acts as a driver in 
this regard, as the guardian of the Convention.30 The EU recognised that FG biofuels 
are a means with which to reach targets set by international agreements: the Biofuels 
Directive states 'greater use of biofuels for transport forms a part of the package of 
measures needed to comply with the Kyoto Protocol' (EC, 2003a: pl). The fact that the 
EU is failing to reach its Kyoto Targets, in part due to increasing GHG emissions from 
road transport, provides further impetus for the development of alternatives energy 
sources. International agreements thus drive market penetration. 
National Governments (commitment of) 
Londo et al. (2006), the EC (2007f) and Bomb et al. (2007) recognised that a positive 
commitment from national governments, through regulation and policy, is a strong 
30 By servicing the Convention and its bodies, facilitating the Convention process (Annex 8). 
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driver towards any kind of renewable energy. Recently a team of researchers (Bomb et 
al., 2007) analysed the markets for biofuels in Germany and the UK and observed the 
crucial role that governments play in stimulating the biofuels industry. They further 
recognised that countries such as Germany and France, which have sound government 
support, are leaders in this field. 
4.2.3 Economic Drivers 
Economic Rural Development 
In a market-orientated CAP geared towards the European market, new opportunities for 
sustainable rural development are created. The EC (2001a; 2001b), Clini et al. (2005), 
Londo et al. (2006), as well as survey respondents, emphasized biofuels offer a new 
market for innovative agricultural products for now and the future, providing an 
additional market for agricultural regions. 	Franz Fischler, Commissioner for 
Agriculture, Rural Development and Fisheries said: 'the production of bio-energy can 
offer new sources of farm income' and 'could become a concrete demonstration of a 
sustainable, multifunctional agriculture' (Europa, 2001). Such comments provide 
evidence towards economic rural development as a driver for European biofuels; 
however, some stakeholders commented that this is not a significant driver in UK, as 
the Government does not view biofuels as a means of rural support and would prefer 
cheaper imports, rather than domestic production. 
Socio-Economic Factors 
The EC (2000), Clini et al. (2005), Domac et al. (2005) and DTI (2006a) acknowledged 
that socio-economic benefits of bioenergy are a significant driving force where biofuels 
production brings socio-economic benefits through the creation of employment. The 
EC (2000; 2001b), as well as survey respondents, documented that biofuels contribute 
to the multi-functionality of the European agricultural model by providing a stimulus to 
the development of the rural economy. BIOFRAC (2006) reported that if the 2010 EU 
targets for biofuels are achieved, the growth in net employment in the biofuels sector 
could be as high as 424,000 jobs (with respect to the year 2000). For example, jobs are 
created through crop cultivation, from construction and infrastructure related to an 
increase in biofuels, as well as transportation of feedstocks and fuels (DTI, 2006a). 
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Petroleum Prices 
Slingerland and Geuns (2007), Londo et al. (2006), as well as survey respondents, cited 
petroleum prices as a crucial driver towards the biofuels industry. Fossil fuels dominate 
worldwide energy demand and are likely to continue to do so in coming decades. 
Biofuels are in direct competition with these in the energy market (EIA, 2006). The 
development of the petroleum market will therefore have considerable significance with 
regards to determining whether or not biofuels can develop and at what pace. As one 
stakeholder commented, the higher the oil price, the lower the cost of biofuels and the 
more aware people are of our oil dependence. Another stakeholder commented that 
petroleum prices define targets, as the oil price dictates the price competitiveness of FG 
technologies. 
The UN (2007) emphasized that three times in the past thirty years, oil-dependent 
economies have been affected by dramatic oil price increases — in the mid 1970s, the 
early 1980s and the current period (2004 — 2007). At the launch of the BP statistical 
review, Lord Browne said that oil prices rose by 42% in 2005, making them more 
expensive in real terms than at any time since 1983 (Browne, 2006). The IEA (2006) 
and UN (2007) project oil prices will remain in the $48-$62 range through 2030, 
although July 2008 saw oil prices of $147 (Wickerson, 2008). 






















Figure 9: Practical Drivers to Bioenergy 
4.3 	PRACTICAL BARRIERS TO THE MARKET PENETRATION OF BIOFUELS 
4.3.1 Environmental Barriers 
Environmental Issues 
Negative environmental issues are a barrier to market penetration. For example, 
whereas section 4.2.1 identified that biofuels can offer environmental benefits, the EC 
(1997; 20070, Cramer et al. (2006), Kraemer and Schlegel (2007), the UK RFA 
(2008a), as well as survey respondents, identified that the reverse can be true and that 
biofuels production and consumption can have negative environmental effects. These 
negative effects include additional pressure on farmland and biodiversity from increased 
pesticide and fertiliser use, as well as a further strain on water resources - some 
environmental groups are even terming FG biofuels 'deforestation diesel' (McNeely, 
2006). However, the EC (1997), Concawe and Eucar (2003) and DfT (2004a; 2005a) 
stated that that the overall environmental effect varies from biofuel-to-biofuel and 
depends on the crop cultivated and the crops replaced; the feedstock and processing 
methods are paramount. 
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Environmental groups are concerned about negative impacts; for example, concerns 
have been expressed by the CLA (2005) of the UK about the effects on landscape and 
amenity of biomass power stations and said that some have been refused planning 
consent in this regard. In Europe, Deurwaarder (2005) and Londo et a/. (2006) reported 
that MSs have expressed concerns regarding the negative environmental consequences 
surrounding FG biofuels and have been hesitant to implement them as a consequence. 
In view of such knowledge, this could become the principal barrier to market 
development, as it will increasingly influence investor confidence. 
No Sustainability Assurance 
Section 4.2.1 highlighted that environmental concerns are one of the main political 
drivers behind biofuels and the IEA (2006) suggested that it is possible to meet EU 
targets using purely 'environmentally compatible' bioenergy. However, it also warns 
that without criteria to define what constitutes 'environmentally compatible' bioenergy, 
it could come from unsustainable sources and thereby negate any environmental benefit 
that might have been attained. Currently, no sustainability standard exists to help 
ensure that FG (or SG) biofuels come from sustainable sources, achieve carbon savings 
or address wider environmental and social concerns - the LowCVP (2005), Londo et al. 
(2006) and Kraemer and Schlegel (2007) acknowledged that the lack of environmental 
and social traceability is an increasing concern. Cramer et a/. (2006) noted that this is 
particularly important given that the EU will continue to rely on imports of ethanol from 
Brazil where, for example, the Amazon is reportedly being burned to plant more sugar 
and soybeans (Monbiot, 2005). The lack of any sort of regulatory framework to ensure 
the sustainability of biofuels is consequently considered a significant barrier to market 
penetration. 
Land Availability' 
According to PREMIA (2005), Di Lucia (2005), Deurwaarder (2005), Londo et al. 
(2006), as well as survey respondents, land availability in Europe is limited and is 
potentially the main limiting factor for biomass production. Fagernas et al. (2006) 
noted that to achieve the target set for energy crops in the EU (for 2010), it has been 
calculated that 10 Mha of land in the EU15 and 17 Mha in the EU25 would be needed; 
31 Land availability refers to the actual area of land required to plant the necessary crops to meet targets. 
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corresponding to 14% of total agricultural land. The issue of land availability has 
caused considerable debate across the EU, as dedicating 14% of arable land to energy 
crops could potentially cause problems for food production. Conflicting land-use 
priorities may diminish the ability to commit land for biofuels crops. However, Spencer 
(2006) reported that FG biofuels, grown exclusively on EU arable land, could never 
account for more than one third of even today's fuel needs, let alone in decades to come 
when demand will increase. Moreover, the EC (2001b: p6) recognises biofuels' 
potential as limited to a level around 8% of transport fuel sales due to availability of 
agricultural land: 'whereas biofuels will hardly be seen as a long-term high volume 
substitute for motor fuels because the limitation of available land, they deserve to be 
exploited in the short to medium term... '. Londo et al. (2006) noted that MSs cited land 
restrictions as justification for missing EU targets. 	This is particularly interesting 
giving the recent Presidency Conclusions (EC, 2007a) and the RED (EC, 2008a), which 
have set a target of 10% biofuels by 2020. It seems that targets have been set without 
due consideration of how to overcome barriers. 
Land-Use Change 
Kraemer and Schlegel (2007), the UK RFA (2008a), as well as survey respondents, feel 
that significant land-use change may have occurred in the EU due to the increased 
demand for biofuels; and could continue to do so in the future. For example, a large 
majority of the biofuels consumed in the EU are imported but without any safeguards 
against where they are grown, which could result in the deforestation of rainforests or 
idle land being brought into cultivation. There have been widely disseminated claims 
that Europe's consumption of biodiesel has caused deforestation and destruction of 
natural habitats in Indonesia and Malaysia to clear the way for the production of palm 
oil. The EC (2007f) further highlighted that if biofuels feedstocks are grown on land 
that is inappropriate, such as habitats of high nature value, then this will cause 
substantial environmental damage. The UN (2007) recognised that this land-use change 
does not result only in environmental consequences but also potentially threatens food 
security. The question of competition between land to be used for dedicated biofuels 
production and land for food production has been raised by a number of observers, for 
example Monbiot (2004), Cameron (2006) and the Cramer et al. (2006). These experts 
express that the current trend of rising demand for biofuels worldwide has increased the 
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economic incentive to grow crops for biofuels production instead of food production 
and that without political intervention. This trend could lead to increased food prices 
around the world. In 2007, Ochoa reported that there were already serious 
consequences of this being felt in Mexico, where tortilla prices rose by more than 50% 
in many regions. With this in mind, well-known environmental campaigner George 
Monbiot (2007) has argued that there should be a five-year freeze on biofuels while 
their impact on poor communities and the environment, particularly in developing 
countries, is assessed. The substantial near- to medium-term impacts on food security 
will be driven solely by FG biofuels, which depend almost exclusively on food crops. 
Closer to home, if the UK should increase targets to more than 5% biofuels (by 
volume), there will be direct competition between FG biofuels production and food 
production. 
4.3.2 Institutional Barriers 
EU Policy and Regulatory Framework 
Chapter Three highlighted that the EU regulatory paradigm for biofuels can 
significantly encourage this market penetration, but that the opposite can occur where 
this framework actually hinders their development. For example, the EU Fuels Quality 
Directive (EC, 2003d), acts as a barrier to biofuels because it stops biofuels use above 
5% blends. The 2008 RED (EC, 2008a) may also pose incompatible conflicts with 
WTO/GATT rules and create barriers to trade for biofuels between developing countries 
and the EU. Most importantly however, is that the overall policy framework affecting 
bioenergy is not handled in a holistic manner, meaning that policies can contradict one 
another and as such, act as a barrier to market penetration. 
National Governments (commitment of) 
Section 4.2.2 illustrated that a strong commitment from the national Government, 
through a robust policy framework, can act as a driver towards biofuels market 
penetration. However, BIOFRAC (2006), Deurwaarder (2005), Londo et al. (2006), the 
EU (2006), Bomb et al. (2007), as well as survey respondents, noted that many MSs are 
slow with regards implementing policies for biofuels, resulting in a non-harmonious 
EU. Such researchers identified a lack of commitment from national governments as a 
barrier to market penetration both domestically and across the EU-bloc. 
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4.3.3 Economic Barriers 
Economic barriers are cited as possibly the most influential factor with regards to the 
market penetration. As such, rather than dealing with 'cost' as an overall barrier, the 
author has broken this down into six different aspects of 'cost', all related to different 
parts of the supply chain; the first three are included in the practical barriers section 
(below) and the subsequent three, within the theoretical barriers discourse. 
Biomass Cost 
In 1997, the EC acknowledged that liquid biofuels cost three times that of conventional 
fuels and in 2000 highlighted that the principal obstacle to their use was the price 
differential with fossil fuels. According to the LowCVP (2005), DfT (2005a), 
Deurwaarder (2005), Fagernas et al. (2006), the UN (2007), as well as survey 
respondents, cost could be considered the biggest barrier in any attempt at penetrating 
the market because the higher cost of biofuels in comparison with fossil fuels limits 
supply and demand. Biofuels are only adopted and considered effective economically 
once specific policy instruments are used to favour their development, such as fuel duty 
reduction; and in the absence of these they cannot compete in the energy market. The 
BAP (EC, 2005) stated that to be competitive, biodiesel needs an oil price of about 
€75/barrel, while bioethanol needs a price of about €95/barrel. Concawe and Eucar 
(2003) stated that the break-even point for biodiesel and bioethanol are $69-76/barrel 
and $63-85/barrel, respectively; however one stakeholder commented that even at 
$100/ban-el biofuels is still twice the price of their fossil fuel equivalent. However, the 
market effect really depends upon on the cost of oil, the share of imports and the 
competitiveness of agricultural markets. 
Cost Per Tonne of CO) Saved 
Identifying the resource costs of carbon abatement for different policy options enables 
comparisons to be drawn between different measures and across sectors of the 
economy, so that the most cost-effective measure can be followed. Biofuels are being 
pursued for environmental reasons such as their ability to reduce GHGs emitted via road 
transport; therefore the actual cost of saving this CO2 is important. However, whilst 
Bauen et al. (2005), DfT (2005a) and DTI (2006b) recognised that this cost is high with 
biofuels, they also recognised that there is considerable uncertainty involved in the 
calculation of this due to the variation in key factors. For example, the price of biofuels 
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and fossil fuels are both highly volatile (petroleum was up to a record $147/barrel in 
July 2008 but has recently dropped to $50/barrel in early 2009), which in turn means the 
cost per tonne of CO2 saved can also vary significantly. A number of published studies 
offer estimates, for example, in the UK, British Sugar estimate £450-500/tC whilst 
Sheffield Hallam's 2003 study for DEFRA quoted £600-1200/tC for FAME and the 
December 2003 JRC/CONCAWE/EUCAR WTW study quoted £570-900/tC for FAME 
and £600-1,500/tC for Bioethanol (DTI, 2006b). Such high costs and uncertainty 
translate into a barrier to market penetration and are thus documented as such in this 
regard. 
Production Costs 
REACT (2004) and Loppacher (2004) acknowledged that high production costs are the 
main barrier to market penetration and will likely be the decisive factor to the long-
term future of biofuels, especially if they are to be cost-competitive without 
subsidisation. However, despite continuous improvements in production efficiency and 
yields, production costs are high, especially compared to fossil fuels. Production costs 
for biofuels vary depending on a wide range of factors, such as crop type, agricultural 
practises, land and labour costs, conversion plant size, processing technologies and the 
price of by-products; however, the IEA (2004) noted that the largest cost component is 
the plant feedstock. For an example of the price differential with petroleum, His (2004) 
calculated biofuels production costs in France, which indicate that these can cost as 
much as €0.17/barrel more than fossil fuels. 
Ethanol VOME (Biodiesel) Petroleum-based motor fuels 
/1 0.38 0.35 0.21* 
€/GJ 18 10.5 6* 
*Given a crude price of $25/bbl (note one stakeholder said that even at $100/bbl, 
biofuels would not compete). 
4.3.4 Technical Barriers 
Ambiguous Energy Balance 
Energy is required throughout the full lifecycle of a biofuel from field-to-fuel; the total 
amount of energy input compared to energy released by burning is referred to as the 
energy balance. Concawe and Eucar (2003), Woods and Bauen (2003), Pimental and 
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Patzek (2005; 2006), as well as survey respondents, highlighted that life-cycle 
assessments (LCA), which can give an indication of the overall energy used to produce 
a biofuel, are complex and highly controversial; the system has limits in terms of the 
included environmental parameters, as well as the fact that the production processes are 
rarely standardized and that assessments can hardly keep pace with the rapid 
developments in this field. 	Additionally, variation occurs due to different 
manufacturing processes and the fate of by-products, which depend upon the crop yield 
and the production pathway. Moreover, stakeholders highlighted that the energy 
balance and resultant energy efficiency with different feedstocks is critical in 
determining which production path to follow. Research, such as Concawe and Eucar 
(2003), as well as Woods and Bauen (2003), indicates that current (FG) biofuels have a 
negative energy balance as compared to fossil fuels. For example, findings indicate that 
ethanol production using corn grain required 29% more fossil energy than the ethanol 
fuel produced, that ethanol production using wood biomass required 57% more fossil 
energy than the ethanol fuel produced and that biodiesel production using sunflower 
required 118% more fossil energy than the biodiesel fuel produced. These pathways are 
fundamentally inefficient in the way they use biomass and have thus far proven to be 
inefficient in terms of the energy balance when compared to their fossil fuel equivalents. 
Resource Availability32 
Resource availability is cited as a barrier to market penetration. For example, the EC 
(2001b; 2003a; 2005) and BIOFRAC (2006) highlighted that this depends upon 
resource availability, i.e. whether there is a sufficient amount of feedstock to meet 
demand. The European potential for biomass was estimated in the 2005 BAP, which 
reported that if the EU made full use of its potential, it would more than double biomass 
use by 2010. It could be from such reports that the 2020 target within the Presidency 
Conclusions (EC, 2007a) and the RED (EC, 2008a) have been set. However, Fagernas 
et al. (2006) and Enguidanos et al. (2002a; 2002b) reported that estimates of the 
potential contribution of conventional (FG) liquid biofuels in Europe shows limited 
prospects based on limited resource availability. Such experts reported that using the 
whole of the EU15 set-aside land area for the production of bioethanol alone would 
only yield a petrol replacement of 6 to 18%, depending on the crop used. Using the 
32  Resource availability refers to the amount of biomass feedstock available to meet the desired targets, rather than the 
amount of land available. 
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whole EU15 set-aside area for the production of biodiesel alone could only replace 
diesel by 3 to 4%. Taking into account the literature on land availability and resource 
availability, it would appear that targets have been set without due consideration of 
barriers and ways to overcome them. 
Production and Infrastructure Incompatibility 
The DfT (2005a), Fagernas et al. (2006), the EC (2006a), as well as survey respondents, 
report that production and infrastructure incompatibility is a barrier to market 
penetration. For example, thee BAP (EC, 2005), Deurwaarder (2006) and Cramer et al. 
(2006) have indicated that oil majors and industry have argued that petrol blended with 
ethanol cannot be carried in oil pipelines and that transportation of this fuel requires 
minor modifications to both the fuel delivery and vehicle infrastructures. Clini et al. 
(2005) reported that if there is a dispersed distribution of feedstock producers and 
plants, this could make the fuel chain impractical or uneconomic, especially if transport 
infrastructure is weak. The UK Government (2005) has reported that industry has 
consistently made the case that greater certainty would be required to justify the 
significant investment in capital and infrastructure and equipment that would be 
required for a major uptake in the energy market of renewable fuels. Deurwaarder 
(2005) reported that several MSs think that blending of biodiesel into diesel and 
bioethanol into petrol can be a problem and that the distribution of the fuel is not 
straightforward. 
Competition for Resources 
Fagemas et al. (2006), Londo et aL (2006), as well as survey respondents, identified 
that competition for resources is a barrier to market penetration. For example, 
Slingerland and Van Geuns (2005), as well as the DfT (2005a), emphasized that the 
liquid biofuels market is a submarket of the overall biomass market, which consists of 
several competing primary sources of biomass, conversion routes and applications. For 
example, biomass can go to heat and power generation, electricity, or biofuels. As such, 
measures taken to promote the use of biomass into market will inevitably have a knock-
on effect on other industries. As well as potentially positive effects for the rural and 
agricultural sector, an increased demand for biomass feedstock could also introduce new 
competition for other industries currently using this resource. The BAP (EC, 2005) 
states that whilst transport biofuels have the highest employment intensity and the 
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greatest security of supply benefits, biomass in electricity actually has the greatest GHG 
benefits and biomass in heating is cheapest. Deurwaarder (2005) reported that many 
MSs felt the same, citing this as a reason for not implementing the Biofuels Directive. 
The UN (2007) further concluded that using biomass for combined heat and power 
(CHP), rather than for transport fuels or other uses, is the best option for reducing GHG 
emissions in the next decade — and also the cheapest. 
Figure 10: Practical Barriers to Bioenergy 
SECTION TWO: THEORETICAL DRIVERS AND BARRIERS  
4.4 	THEORETICAL DRIVERS TO THE MARKET PENETRATION OF BIOFUELS 
4.4.1 Environmental Drivers 
Other Environmental Benefits 
The EC (2000), IEA (2004) and Clini et al. (2005) identified that there are other 
advocated benefits of using biofuels, such as local air quality benefits and waste 
reduction and under the right circumstances, protection of ecosystems and soils. 
Additionally, the use of bio-components as liquid fuel oxygenates can also reduce 
emissions of carbon monoxide (CO) and control pollutants contributing to 
photochemical smog; biofuels also reportedly have lower emissions of heavy metals, as 
well as of carcinogenic substances, such as benzene molecules. If these facts can be 
proven to be true then biofuels should be followed not only for their CO2 reduction 
benefits but also for the benefits they offer the environment as a whole. It has often 
been cited in the literature that there are no environmental benefits with current FG 
biofuels, with Londo et al. (2006) reporting that the uncertainty surrounding the 
environmental impacts of biofuels is considered an obstacle by many stakeholders. It is 
important that the appropriate research is conducted to collect evidence concerning 
these environmental impacts so that the biofuels feedstocks with the greatest 
environmental benefits are realised. 
4.4.2 Institutional Drivers 
Research and Development (R&D) 
The UN (2007) and Bomb et al. (2007) recognised that to reach a goal of a green 
Europe, one with less CO2 emissions and more biofuels use in transport, R&D is 
paramount. R&D sponsored by national governments can act as a driver to the industry, 
as it demonstrates a commitment from the government to invest in biofuels. The UN 
(2007) highlighted that the bioenergy field is experiencing an unprecedented wave of 
R&D. Fagernas et al. (2006) further noted that market development initiated by 
conventional (FG) liquid biofuels will help to encourage the R&D into advanced 
biofuels from a 'technology push' to 'technology pull'. BIOFRAC (2006) believe that 
biofuels development would create opportunities for biomass providers, biofuel 
producers and the automotive industry who would then all in turn contribute further in 
to R&D efforts for biofuels. Both the BAP (EC, 2005) and the EU Strategy for Biofuels 
(EC, 2006b) recommend that R&D into biofuels should receive a high priority in line 
with the Seventh Framework Programme for Research and Technology Development.33  
In this way, the EU is recognising the key role that R&D plays in driving the 
burgeoning biofuels industry in Europe. From statements such as these the author can 
interpret that R&D is not only paramount for a successful biofuels industry but is a key 
33  The Seventh Framework Programme for research and technological development (FP7) is the EU's chief 
instrument for funding research over the period 2007 to 2013. It bundles all research-related EU initiatives together 
under a common roof playing a crucial role in reaching the goals of growth, competitiveness and employment. 
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driver towards innovation and further market penetration of environmentally sound 
biofuels. 
Interaction with New Parties and Policies 
Slingerland and Van Geuns (2005) believe that using biomass as energy can give rise to 
new policy interactions in the energy field and that this should act as a driver towards 
biofuels use. For example, this could result from political cooperation between forestry, 
food crops, energy sectors and farmers - where positive relationships could potentially 
develop, such as the use of non-arable land for bioenergy production. Many issues that 
surround biofuels have been pursued on separate tracks but if there is joint support and 
coordination, this could drive market penetration. For example, Article 15 of the recent 
RED (EC, 2008a) attempts to set sustainability criteria for biofuels but in doing so 
potentially conflicts with WTO/GATT rules. Overcoming this would require new 
interactions between these two political fields, i.e. trade and energy, particularly in light 
of discussions surrounding land-use change. For these reasons, the interaction with new 
parties and policies could prove to be an interesting driver to be tested, especially if 
positive outcomes such as biofuels trade with developing countries resulted. 
4.4.3 Technical Drivers 
Positive Energy Balance 
As highlighted in section 4.1.1, research indicates that certain feedstocks have a 
negative energy balance and require more energy is required to make the fuel than is 
released through burning this. However, this is dependent upon the specific pathway 
used and if it is proven that the use of advanced FG or SG biofuels can offer a positive 
net energy balance, this could act as a driver to biofuels. For example, Concawe and 
Eucar (2003) and the DTI (2006) highlighted that developments in technologies are 
likely to offer more energy-efficient pathways, especially SG fuels which contribute to 
waste management by harnessing energy from products that are often disposed of as 
waste. If it is proven that specific pathways offer a positive energy balance it is 
recognised that this should act as a driver to the market penetration of more 
environmentally sound fuels. 
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Technology Culture 
There has been a trend from the industrial age to develop machinery as technology for 
problem-solving. Technology allows us to accomplish tasks in less time and with less 
energy. Road transportation developed as a means of solving mobility problems. 
However, road transportation in itself is now a problem — it is responsible for increasing 
CO2 emissions contributing to global warming, as well as other noxious air emissions. 
Makuch (2008) acknowledged that we are looking again at technology for a solution, 
with a view that advancement in biofuels technology may provide a solution to a very 
serious environmental problem — climate change. New innovative technologies are 
needed to produce biofuels in an energy-efficient way and from a wider range of 
biomass resources with reduced costs. Read (2002) noted that if this drives innovation, 
there will be reduced costs and where technology is cheaper; this drives investment for 
further R&D. Utilising currently available technology drives the costs of bioenergy 
innovation down the experience curve and translates into technologies that should (and 
hopefully will) develop; so that they will be sustainable in economic, environmental and 
social terms. BIOFRAC (2006) stated that this should bring the European industry to a 
leading position within this new technological system. Kwant et al. (2004) and Londo 
et al. (2006) thus highlighted that implementing FG fuels stimulates innovation in this 
field and is a valid step towards technological development of SG technology, which 
will increase the supply and impact of biofuels in the future. In this manner, one could 
say that our 'technology culture' acts as a driver to biofuels - Europe has defined 
ambitious targets for the development of biofuels and it is recognised that the 
development of innovative biofuel technologies will help to reach these objectives. 
Domestic Production Potential 
The resources available for the production of biofuels must be considered in any attempt 
at promoting this fuel. BIOFRAC (2006) estimated that between 4 to 18% of the total 
agricultural land in the EU would be needed to reach the level of liquid fossil fuel 
replacement required by the Biofuels Directive; the EEA (2005) believes that the EU 
has sufficient land available to expand biomass production over the next few decades. 
If it is proven that the EU has the production potential for a specific level of biofuels, 
without causing unacceptable harm to the environment or displacing other food crops 
this will act as a driver to market penetration as suitable targets can be set in accordance 
with this. For example, as Chapters Six and Seven will highlight, the US and Brazil 
have both been able to support flourishing biofuels markets for over thirty years due to 
their national production potential. This could become an important consideration when 
planning biofuels CDM projects abroad under the carbon economy, as developing 
countries often have more land to spare and consequently more production potential. 
Production and Infrastructure Compatibility 
Section 4.1.1 highlighted that incompatibility with current fuel infrastructure can be a 
barrier to biofuels use. The Biofuels Directive, however, states that `biofuels, in pure 
form or as a blend, may in principle be used in existing motor vehicles and use the 
current fuel distribution system' (EC, 2003a: p2). If the fuels used to replace fossil 
fuels are compatible with the current production and infrastructure system that is 
already in place, then this could be considered a driver to the biofuels industry.34 Brazil 
has demonstrated that the early investment in production and infrastructure systems for 
biofuels could mean that this is no longer a barrier for SG, as the investment has already 
been made. 
4.4.4 Social Drivers 
Public Perception (provided that the environmental case supports biofuels) 
The public are both citizens and consumers and accordingly are able to influence the 
public and the private sectors in many ways. The UN (2007) states that as the science 
behind climate change becomes more robust, awareness has grown across the world of 
the impact of human energy consumption on our environment. Peoples' attitudes tend 
to be shifting to more 'green' ways of living and the public appears more willing to act. 
As a society, we are becoming more concerned about what we can do to decrease the 
negative effect that our increased energy use is having on the planet. A social factor 
that could affect biofuels is that, particularly in the developed world, society has 
become increasingly environmentally conscious - it has become important for people to 
`go green'. Increased public interest could translate into political interest, which in turn 
could drive governmental policy and market penetration. Biofuels could also be an easy 
way for politicians to show that they do something about environmental problems, 
without requiring any unpopular actions of the public (such as reducing car size, 
34 Although one comment from a stakeholder suggested that although this could save on infrastructure costs, it 
reinforces the current technology and is a barrier to innovation. 
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kilometres, etc.). Indeed, Deurwaarder (2005) acknowledges that some countries, such 
as Germany, stress that public relations are an important factor with regards biofuels. In 
today's environmental agenda this is likely to become more important and would be an 
interesting driver to pursue. 
4.4.5 Carbon Economy Drivers 
Tradable Mechanisms 
The Kyoto Protocol introduced flexibility mechanisms, such as the CDM and JI. The 
Protocol discusses precautionary action, thus, utilising precautionary technologies 
logically follows suits - carbon management and biofuels can be considered 
precautionary.35 Bakker (2006) highlighted that liquid biofuels and their place within 
the CDM receives attention, as fuel ethanol and liquid biofuels could benefit both 
Annex I and non-Annex 1 countries. Read (2002) reported that using supplementarity 
to link sinks to bioenergy can address a market co-ordination failure that has caused 
bioenergy, particularly liquid biofuels, to lag behind other renewable energy 
technologies.36 In addition, studies such as Concawe and Eucar (2003) have shown that 
although production pathways within the EU, such as combustion of grain-based 
ethanol, can have a positive impact on GHG emissions compared to petrol, the positive 
of ethanol derived from sugar cane is greater. In reality, production pathways in 
developing countries tend to be more suitable for the goals they were intended for than 
they are in the EU. Until the technology to produce ethanol from cellulosic feedstocks 
(SG) is commercially available, the most efficient ethanol-related reductions in GHGs 
are likely to occur from ethanol production in tropical countries and there is great 
potential to use and expand biomass resources in developing countries for critically 
needed energy services at home. Europe can look to the carbon economy as a driver for 
biofuels and indeed, the EC (2007a: p4) states, in reference to developing countries: 
`...notes the increasing share of greenhouse gas emissions from Non Annex I 
countries...need for these countries to address the increase in these emissions by 
reducing the emission intensity of their economic development...in order to keep 
the 2°C objective within reach...that for developing countries contributions 
35 Because they deal with the fields of fossil energy and transport, where mitigation is needed against 
climate change. 
36 Indeed, to date, not biofuels project has been approved through the CDM process. 





























could take several forms and include many policy options where benefits 
outweigh costs and that support continued economic growth, strengthen energy 
security and benefit health...that sustainable development policies and measures, 
an enhanced Clean Development Mechanism...could offer promising ways of 
enhancing the participation of these Countries.' 
Biofuels are well placed to benefit from carbon finance under the CDM and it is with 
this in mind that the author and Makuch (2008) acknowledge that the carbon economy 
and the CDM could be a driver towards biofuels market penetration and could attract 
carbon concessional finance possibilities in this regard. 
Figure 11: Theoretical Drivers to Market Penetration 
4.5 	THEORETICAL_ BARRIERS TO THE MARKET PENETRATION OF BIOFUELS 
4.5.1 	Institutional Barriers 
Political Risk 
There is an element of political risk associated with new forms of energy and 
governments may be hesitant because of this. Regarding biofuels, this may be 
considered quite high as biofuels compete with fossil fuels on the energy market, which 
is a well-established technological system. Consequently, Grubb and Socolow (2005) 
declare that political risk can act as a barrier in this regard; by thwarting the deployment 
of technologies that can substantially accelerate the current rate of improvement of 
efficiency and the current rate of reduction of environmental impact. This could slow 
the necessary development needed for the industry to grow and in this manner act as a 
barrier to the development of environmentally sound fuels. 
International Governance 
International Governance has a significant impact on markets across the globe and if 
this is slow in attempts to address climate change, or implement renewables, this in turn 
can mean the slow development of technologies, either at home or abroad. For 
example, despite the fact that biofuels have been used widely in Brazil and the US since 
the 1970s, they have only recently gained a place within the agenda of international 
governance frameworks. However, Fagernas et al. (2006) and Dessler and Parson 
(2006) noted that climate change is a global problem and requires international 
cooperation when addressing it, which has thus far been lacking (see discussions in 
Chapter Three). For example, the US, one of the world's biggest polluters is a non-
participant in many global attempts to address climate change, including ratifying the 
Kyoto Protocol. Read (2002) commented that a commitment to effective action by the 
world's most populous and rapidly growing economies will not come until all major 
Annex 1 parties have addressed climate change and their commitments under 
international agreements. Therefore, despite the fact that some governments have 
recognised biofuels as a means to address climate change, many have not and 
deployment of technologies has been slow. This is also important in terms of internal 
trade, GATT/WTO and possible conflicts with the recent REDs attempts at setting 
sustainability standards — a commonly agreed global standard would mitigate future 
conflicts between different country regimes. 
4.5.2 Economic Barriers 
Economic Risk 
In relation to the aforementioned practical costs associated with biofuels (Section 4.3.3), 
as well as fluctuating prices, there is a significant amount of economic risk associated 
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with FG and SG biofuels; which is central to investment in technologies. The DfT 
(2005a) recognised that the investment costs associated with these technologies are high 
but that the outcome is uncertain, with no guaranteed end-market for their product. 
Considering the uncertainty surrounding the international framework post-Kyoto, this 
translates into economic risk where funding and markets are not guaranteed. Investors 
may be hesitant until more cost-effective and proven technologies are guaranteed. In 
this manner, economic risk will hinder the development of biofuels technologies in 
Europe and abroad. 
Petroleum Prices 
As previously discussed, petroleum prices can drive the biofuels industry forward when 
they are high but vice versa, they can potentially negatively influence the industry if 
they are low. Price volatility can have damaging effects for crop producers and 
biorefineries, as well as consumers, all of whom may have difficulty managing 
increased risk. Petroleum prices have been at record highs over the last few years, 
which have encouraged the development of biofuels and, more specifically, FG; 
however, recent months (2008/09) have seen petroleum prices begin to drop again, 
making petroleum more attractive. Such volatility could translate in to a barrier for 
more environmentally sound technologies. 
Additional Costs 
Achieving successful market penetration involves substantial additional costs, which 
translate into a barrier. For example, the cost of changes to infrastructure and additional 
storage facilities; or changes to operating procedures, such as bleaching or blending 
with fuels. Depending upon what these additional costs are, or how high they are, they 
can add significant investment costs to the industry. The EC (2001b) reported that a 
significant increase in market penetration will require action at the EU level in view, as 
additional costs could be more than €5 billion annually with substitution moving above 
5%. In terms of implementing a regulatory framework aimed at sustainability, 
additional costs will include planning, design of methodologies and implementation, as 
well as the development of new technologies. 
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4.5.3 Technical Barriers 
Technical Availability (SG) 
The availability of more advanced, environmentally sound, technologies is a barrier to 
market penetration. For example, the technology pathway chosen with biofuels is of 
paramount importance when discussing market penetration of environmentally sound 
fuels, as this determines the amount of GHG emissions saved. There is a general 
consensus in the literature about the benefits achievable with advanced (SG) biofuels 
(Woods and Bauen, 2003; Concawe and Eucar, 2003; DTI, 2006; UK RFA, 2008a), 
although a wide range of values can be found. In light of the heavy criticism of FG 
biofuels for their poor GHG emissions savings, a move towards SG would seem logical; 
however, advanced technologies are immature, expensive and require financial 
incentives before they become commercially viable. It is difficult to predict when these 
new and improved technologies will become commercially available, which adds to 
uncertainty (both economic and political) surrounding biofuels. Moreover, stakeholders 
even commented that investing in FG technologies could in itself be a barrier to SG, as 
it could result in technological lock-in. 
4.5.4 Social Barriers 
Public Perception (and the demand side) 
Fagernas et al. (2006) believe that the public perception of bioenergy development is a 
significant barrier to market penetration (although some stakeholders do not believe the 
public has had any influence on policy decisions in the UK). Such public opposition is 
often the result of social barriers connected to landscape intrusion, monoculture and 
introduction of industrial cultivations. Another stakeholder commented that very few 
consumers are willing to pay the premium for a lower GHG emitting fuel but will buy 
due to price. Another stakeholder commented that a limited awareness of bioenergy to 
resulting in resistance to viable and profitable bioenergy systems. Currently, biofuels 
are more expensive that fossil fuels and much of the press surrounding them is negative, 
which will work against them in terms of public perception and resultant demand. 
Proponents of bioenergy face the challenge of altering perceptions of the public and 
politicians about the use of biomass for energy purposes. Indeed, McCormick and 
Kaberger (2005; p449) report that `bioenergy is often considered a fuel of the past 
rather than a fuel of the present and future'. In their response to the review of the 
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Biofuels Directive, some groups have highlighted that a lack of public awareness can be 
considered a barrier to the use of the FG biofuels because there has been a distinct lack 
of public knowledge surrounding them (Deurwaarder, 2005; Londo et al., 2006). Bomb 
et al. (2007) note that it would appear that in many countries, such as Germany and the 
UK, the general public is not playing any role at all with regards either supporting or 
blocking biofuels; they concluded that most consumers only purchase bioethanol and 
biodiesel if they are priced competitively with petrol and diesel, which now with FG 
technologies, they are not. It was thought that consumers purchase cheap rather than 
green and the environmental reasons for purchasing biofuels are simply overshadowed 
by price and availability. In this manner, they are acting as barrier to the market 
penetration. 
Information Availability 
Fagernas et al. (2006) identified that a lack of public awareness (due of a lack of 
education campaigns and information disseminated to the public) as a possible barrier; 
another stakeholder commented that he believes the public to be ill-informed. For 
example, the public are the consumers who will be using biofuels and they need to be 
provided with information about what that they are expected to use. The availability of 
information to the public could thus be an important driver of demand for sustainable 
fuels. 
4.5.5 Carbon Economy 
Tradable Mechanisms 
Bakker (2006) highlighted that despite of the potential for the CDM to stimulate 
biofuels production in developing countries, to date little action has been taken; and the 
combination of CDM projects and biofuels has been unsuccessful. This is for a variety 
of reasons including, for example, methodological issues such as leakage (i.e. the 
project activity may result in higher emissions elsewhere). Regulators also seems to be 
holding back a tide of biofuels projects from earning money by registering their GHG 
savings for sale on the international carbon trading market but the complexity of the 
methodology is such that it has not made approving a biofuels project easy. The review 
and agreement of new baseline and monitoring methodologies can take up to a half a 






















process. In these circumstances the Kyoto mechanisms act as a barrier to bioenergy 
development. 
Figure 12: Theoretical Barriers to Market Penetration 
4.6  CHAPTER SUMMARY 
This chapter sought to address research question 2 and its objectives. The analysis 
herein has shown that there are many proven drivers and barriers towards the market 
penetration of biofuels, such as climate change and economic costs. However, 
stakeholder interaction highlighted that there is no predominant single driver or barrier 
but that it is a combination of these issues working together. The research also 
highlights that there are many theoretical factors, such as the carbon economy as a 
driver for environmental regulation, that need to be tested and which will be addressed 




F CASE STUDIES 
	 127 
5 CRITICAL ANALYSIS: GOVERNMENT SUPPORT FOR BIOFUELS IN THE UK 
5.1 INTRODUCTION 
Previous chapters have highlighted that EU MSs (and other OECD) countries have 
accepted the importance of having a robust renewable energy policy framework and are 
now pinning their hopes on renewable technologies for climate change mitigation and 
sustainable development. As illustrated in Chapter Three, countries which have 
recognised the value of biofuels within this renewable regime have implemented policy 
frameworks to encourage their market development. In the EU, biofuels are legally 
driven by the Biofuels Directive, which is supported by the EU Strategy for Biofuels 
(2006) and the Renewable Energy Road Map (2007). However, as discussed in Chapter 
Three, for various reasons, MSs political and legislative implementation strategies differ 
to a great degree across the EU-bloc, with resultant varying degrees of success. One 
MS — the UK - is considered by various academics, such as Bomb et al., 2007, to be 
ineffective in terms of implementing Directive 2003/30/EC, due to ambiguous signals 
from the national Government on support for biofuels, resulting in an industry that is 
inexperienced and underdeveloped. 
The objective of this chapter is to present a case study of the UK biofuels industry. 
Following the framework described in Chapter Two (Section 2.6), this chapter is 
divided into five sections: Institutional Setting and Implementation; Biofuels 
Distribution, Feedstock and Trade; Sustainability; and Theoretical Drivers and Barriers. 
SECTION ONE (A): INSTITUTIONAL SETTING .  
5.2 	UK POLICY AND REGULATORY INSTRUMENTS 
5.2.1 Targets for Biofuels Consumption 
The UK Government is obligated by EU targets: in line with Directive 2003/EC/30, the 
UK announced a national target of 0.3% (by volume) consumption for 2005 and 2.8% 
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(by volume) for 2010.37 In 2008, the Government announced the implementation of a 
Renewable Transport Fuels Obligation (RTFO), which set a target for consumption as 
5% (by volume) of total road fuel sales by 2014; see further discussions surrounding 
obligation below. 
5.2.2 Fiscal Tax Incentives 
Excise Duty Reductions 
Under the Alternative Fuels Framework (AFF) published by the UK in December 2003, 
the Government is able to implement fuel duty incentives for biofuels. The objective of 
such a policy scheme is to assist state biofuels consumption by offering financial 
support to biofuels producers. The AFF clarifies that the rationale underpinning this 
financial support is related to the environmental benefits associated with biofuels but it 
does not offer assistance towards achieving these. Following annual review of the AFF 
Budget by Government, the level of fuel duty incentives for biofuels and other 
alternative fuels that will apply in the following three years is announced. The intention 
of this structure is to provide rolling certainty to the biofuels market over a three-year 
period, encouraging investment and confidence to the producers. 
In 2002, the UK implemented a fuel duty incentive for biodiesel, which guaranteed that 
duty charged to this fuel will be £0.20 per litre (p/l) lower than for fossil-fuel diesel; an 
equivalent incentive for bioethanol was implemented in January 2005.38 However, the 
duty relief for bioethanol does not apply to ETBE39 following concerns over the 
environmental, health and safety implications associated with consumption, nor is there 
any tax exemption for pure plant oil in the UK, as there is in Germany and other MSs 
(UK Government, 2005; UK Government, 2006). In their 2007 report to the 
Commission, the UK Government noted that they 'take into account all relevant 
economic, environmental and social factors in coming to a decision on the appropriate 
level of the duty incentive' (UK Government, 2007a). Subsequently, following 
37  Note UK targets are on a volume basis whereas EU targets are on an energy basis, making comparisons 
problematic. 
38  For both biodiesel and bioethanol, duty of £0.27 per litre is charged compared to £0.47 for their fossil fuel 
equivalent. 
39  Ethyl tert-butyl ether (ETBE) is commonly used as an oxygenate petrol additive in the production of petrol from 
crude oil. ETBE offers equal or greater air quality benefits as ethanol, while being technically and logistically less 
challenging. Unlike ethanol, ETBE does not induce evaporation of petrol, which is one of the causes of smog, and 
does not absorb moisture from the atmosphere. 
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concerns surrounding sustainability issues associated with biofuels and in line with the 
implementation of an obligation system (see below), it was decided that the existing 20 
p/p/1 fuel duty incentive will cease in 2010 (UK Government, 2008). 
5.2.3 Statutory Measures 
Renewable Transport Fuel Obligation 
The permissive clauses in the 2004 Energy Act enable the UK to introduce a Renewable 
Transport Fuels Obligation, which has been effective since April 2008 (UKPIA, 2005; 
UK Government, 2007b). The reasoning behind the implementation of an obligation 
system is to ensure a stable and long-term renewable market in the UK, by placing a 
legal requirement on specified transport fuel suppliers in the UK (in excess of 450,000 
litres of fossil fuel per year) to produce evidence that a specified percentage of their 
overall fuel supplied in the UK is from renewable energy sources (Neeft et al., 2007; 
UK Government 2007b; UK RFA, 2009). Once the fuel duty ceases in 2010, this will 
be the UK's primary mechanism for developing a market for transport biofuels as well 
as delivering the objectives of Directive 2003/30/EC. 
The targets introduced are on a percentage volume basis and based on total sales (see 
Table 8). Originally the RTFO required companies to sell a minimum of 2.5% (by 
volume) renewable fuels within total road fuel sold within the UK in 2008/2009, 
increasing to 5% (by volume) by 2010/2011. However in January 2009, the 
Government introduced an Amendment Order which lowered the obligation for 
2010/2011 to 3.25%, with the obligation of 5% for 2010 being postponed until 2013 
(UK Government, 2009).4° The Government (2007a) estimates that the RTFO will 
deliver a net saving of GHG emissions from road transport by approximately 0.7 — 0.8 
million tonnes of carbon (MtC) by 2010, although this figure does not include potential 
emissions arising from land-use change (UK RFA, 2008b); see discussions in Section 
5.9. 
40 Th is was in light of revelations in the Gallagher Review (UK RFA, 2008a) regarding the negative effect that the 
production of biofuels may be having in the environment, particularly resulting from imports, which make up the 
bulk of biofuels used in the UK. 
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The Order provides that fossil fuel suppliers can meet their obligation in a number of 
ways: 
I. By supplying biofuels and redeeming certificates (from the RTFO 
administrator once compliance has been proven, in this case, the UK 
Renewable Fuels Agency (UK RFA); 
II. By trading certificates with other biofuels suppliers; or 
III. By paying a buyout fee of £0.15 per litre - if the obligated supplier does not 
have enough certificates at the end of the obligation period, they may 'buy-
out' the balance of their obligation. 
The buy-out fund is recycled to holders of RTFO certificates at the end of the year, 
which offers an additional incentive to meet the obligation by supplying renewable-
fuels. However, a slightly less encouraging feature is that obligated companies can 
supply just biodiesel, with no bioethanol (or vice versa) to meet their volume targets, 
which could artificially encourage one fuel over another depending on market 
circumstances (UK Government, 2007b; Mabee et al., 2009). 
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Table 8: RTFO Obligation 
Financi al Year 



















80% 50% 90% 
2011-2012 4% Targets beyond this have not been set; these 
are subject to review in light of the 




Nb: the targets for biofuel as a percentage by volume of road transport fuel are mandatory, while the 
targets for sustainability are indicative of expected performance. 
* The original targets were announced by the Chancellor of the Exchequer in his Budget 2006 — the level 
was revised downwards from the originally proposed GHG saving targets (for 2009/10 and 2010/11) to a 
level suggested as more realistic by stakeholders. 
Level of Support: Combined RTFO and Fuel Duty 
The 2007 Budget defined the fiscal regime for the subsequent three years through to 
2010. With the combination of the RTFO buy-out clause and the £0.20 p/1 duty 
incentive (guaranteed until 2010), the total combination of support offered for biofuels 
in the first year of the obligation is £0.35 p/1; providing industry with a greater level of 
support than previously existed with fuel duty alone. The Government believes that this 
increased level of financial support should be sufficient to encourage implementation in 
the early years of the obligation and ensure that biofuels will be delivered to the UK 
market from day one (UK Government, 2006; UK Government 2007a). Once the fuel 
duty incentive ceases in 2010, the level of buy-out will increase to £0.30 p/l, which 
although lower, is still higher than the financial support offered through the excise 
reduction incentive. Subsequently, the Government noted in 2007 that they expect the 
emphasis to move from duty incentives towards the buy-out price as the principal 
support mechanism in the future; however, the Government's intention is that the level 
of the buy-out should be sufficiently high enough to ensure that obligated suppliers do 
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not routinely resort to using it and consequently the level of buy-out will regularly 
undergo review (UK Government, 2007a). 
Carbon and Environmental reporting within the RTFO 
The UK RTFO has developed the world's first carbon and sustainability reporting 
scheme in order to ensure that biofuels used in the UK will deliver carbon savings and 
meet 'minimal' environmental standards. Obligated companies are required to report on 
the carbon savings of their fuels using a carbon calculation methodology based on a 
WTWs approach developed by the DfT, as well as the broader aspects of sustainability 
(Upham et al., 2009). Suppliers are obliged to produce monthly and annual reports, 
which will be independently verified by the RTFO Administrator (UK RFA), who will 
compare and rank individual company performances and report to parliament. The 
intention of such a reporting mechanism is to encourage suppliers to supply the most 
sustainable biofuels and engage actively in the improvement of processes along the 
supply chain. This means that from day one of the obligation there is a strong incentive 
for transport fuel suppliers to source sustainable biofuels. 
The Sustainability Assurance Scheme is divided into Environmental and Social 
Standards, which are split into three levels, as follows: 
I. RTFO sustainable meta-standard — this is higher than most existing 
sustainability standards and covers seven key environmental and social 
principles; 
II. Qualifying Standards — meet the majority of the environmental and/or social 
criteria defined under the RTFO meta-standard; 
III. Benchmarked Standards - these have been benchmarked against the RTFO 
meta-standard but do not meet sufficient criteria to be awarded QS status; and 
IV. None/unknown - for where the feedstock was not certified against a standard, 
or the data is unavailable. 
Suppliers can report a Benchmarked or Qualifying Standard and conduct supplementary 
audits to meet the RTFO meta-Standard (UK RFA, 2008b). To receive a certificate (of 
compliance) and hence a financial reward, a supplier operating in the UK (above the 
450,000 litres threshold) must report on their performance in terms of the following 
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(although the design of this does not offer differentiated levels of support of biofuels 
depending on the results of their origin, social and environmental impacts or GHG 
emissions savings) (DfT, 2008): 
1. 	The qualifying standards set out in the UK RFA guidance (national targets for 
the proportion of biofuel batches; 
II. GHG emission savings; and 
III. Reporting against the four data categories: Biofuel Feedstock, Feedstock 
Origin, Standard and Land-Use as of 30th November 2005 (national targets for 
all three of these are displayed in Table 8). 
The percentages do not relate to biofuels supplied by individual companies but to 
biofuels supplied to the UK market in aggregate; they are also only aspirational targets 
and are not mandatory. To inform requirement II, DfT and the UK RFA provide default 
values by which the percentage GHG saving for most biofuels sourced can be 
calculated. Provisions established under RTFO, both in terms of volume amounts and 
sustainability are shown in Table 8. 
The UK RFA will also separately monitor the potential indirect impacts of biofuels 
production, such as indirect land-use change or changes to food and other commodity 
prices that are beyond the control of individual suppliers. The UK RFA will report on 
these as part of its annual report to Parliament (UK RFA, 2008a). The UK RFA 
nevertheless 'welcomes plans for stronger measures that will require rather than 
encourage companies to source biofuels responsibly' (UK RFA, 2008a: p18) 
The Government also announced in June 2007 that it aims to reward biofuels under the 
RTFO in accordance with the carbon savings that they offer, from April 2010; provided 
that this is compatible with WTO rules and EU Technical Standards requirements, is 
consistent with the policy framework being developed by the EC as part of the review 
of the Biofuels Directive, and is subject to consultation on its environmental and 
economic impacts. Additionally, from 2011, the UK aims to reward biofuels under the 
RTFO only if the feedstocks from which they are produced meet appropriate 
sustainability standards, subject to the same provisos and consultation as above and 
subject to the development of such standards for the relevant feedstocks. The 
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Government acknowledges that it is essential that they continue to work closely with 
partners at a national, European and international level to develop robust standards 
ensuring the sustainability of biofuels; in order that consideration is given to the WTO 
implications of the UK's previously discussed policy intentions, as well as the wider 
sustainability of the biofuels market. 
5.2.4 Other Supporting Policy Mechanisms: Fiscal Incentives and Investment 
Subsidies 
Enhanced Capital Allowances 
One hundred percent first-year Enhanced Capital Allowances (ECA) provide businesses 
with enhanced tax relief for investments in biofuels, by allowing the costs of capital 
assets to be written off against a business's taxable profits for the period during which 
the expenditure is incurred (UK Government, 2004). The UK implemented such a 
scheme with a policy objective of encouraging investment in the cleanest (i.e. most 
carbon beneficial) biofuels manufacturing installations (Neeft et al., 2007). The 
measure is designed to add value to other Government support measures, such as the 
RTFO, rather than as a leading policy tool on its own. In a consultation with 
stakeholders, it was noted that 'this is (in theory) considered to be a supportive 
programme, but it must be implemented alongside something more substantial'. 
However, another noted that 'this policy instrument struggled to take off due to State 
Aid issues with the EU and concerns that it would not be cost-effective'; although the 
UK Report to the Commission (2008) reported that this measure is again with the EU 
for State Aid approval. 
Regional Selective Assistance Grants 
Capital grants are offered in the UK through Regional Selective Assistance (RSA), with 
the policy objective to influence domestic supply by offering investment in commercial 
plants. RSA grants are one of the few methods of direct support for the biofuels 
industry allowable under the EU's single market rules (UK Government, 2005; UK 
Government, 2006); however, the EU allows this only for certain regions (as otherwise 
it is regarded as market distortion). Some examples of RSA grants given in the UK 
include The Argent Energy's plant, which received £1.2 million on a total investment of 
£15 million from the Scottish Executive; as well as The UK North East Regional 
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Development Agency For Biofuels Corporation's, which was granted a similar amount 
for a plant in Seal Sands (UK Government, 2005; UK Government, 2006; van Thuijl & 
Deurwaarder, 2006). However, the programme is controlled through regional 
development agencies, rather than central Government, and options for use of this 
assistance are limited in the UK - regional qualifying regions often do not necessarily 
match up with the most suitable areas for production facilities. Furthermore, RSA 
grants are linked to employment enhancing projects and are granted on this basis. 
However, biofuels production plants are not very labour intensive, further limiting the 
potential of this policy tool. As one stakeholder noted, 'this assistance has therefore 
been negligible in the UK' (UK Government, 2004). 
Refuelling and Infrastructure Grants 
This programme offers financial support towards the cost of installing alternative 
refuelling points for hydrogen, electric, bioethanol, natural gas or biogas stations. 
Although this is not exclusively aimed at biofuels, the programme has gained interest 
from organisations wishing to install E85 bioethanol refuelling points. As of 2007, a 
total of eighteen bioethanol refuelling stations and one E95 station had been awarded 
grants in the UK (UK Government, 2007a). Considering the previously discussed 
barrier surrounding infrastructure compatibility and cost (Chapter Four), this is a 
valuable tool to offer the burgeoning industry. However, the UK report to the EC (UK 
Government, 2008) announced that the programme is under review pending resolution 
of State Aid issues with the EU, which stipulate that overcompensation or unjust 
conditions should not result from the implementation of poliCy. 
5.2.5 SG Biofucls and R&D 
As discussed in Chapter Four, SG technologies potentially deliver bigger carbon 
savings and wider environmental benefits in comparison to biofuels made from food 
crops. However, these technologies are not yet commercially available; R&D is 
paramount if these technologies are to become commercially available for market. 
Recognising this fact, the UK Government (2007a)41 commissioned a number of 
research projects, for example: 
41 In their 2007 Government report to the Commission they stated: 'the Government strongly supports the proviso 
that the binding nature of the target is only appropriate subject to production being sustainable, second-generation 
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	1. 	'Liquid biofuels and hydrocarbon from renewable resources in the UK to 
2050: a technical analysis' carried out by technical consultants E4Tech (Hart 
et al., 2003). The purpose of this study was to assist the Government in 
assessing the implications of achieving ultra-low carbon transport (UK 
Government, 2004); 
11. 	'Liquid biofuels — prospects and potential impacts on UK agriculture, the 
farmed environment, landscape and rural economy', by the Central Science 
Laboratory; and 
The UK Government and industry-sponsored LowCVP42 recently sponsored a 
study into the prospects of Carbon and Sustainability Assurance for renewable 
road fuels (UK Government, 2005). 
All of the studies commissioned by the Government are made available to the public on 
Government websites (UK Government, 2004); a positive factor considering that the 
lack of information available to the public is classed as a barrier to market penetration. 
5.2.6 Policy Effectiveness: How Have Policies Implemented Affected Market 
Development? 
Looking at the breadth of incentives and the scope of policy and legislation 
implemented in the UK (as compared to other EU MSs, Chapter Three), it would not be 
an unreasonable claim that the overall support framework for biofuels in the UK is 
fairly comprehensive. However, what is the effectiveness of the individual mechanisms 
implemented? In their discussion surrounding the possible effectiveness of individual 
incentives and frameworks in promoting the development of the bioenergy in the UK, 
Slade et al. (2008) stated that this is a complex and often ambiguous process due to a 
lack of evidence. As Neeft et al. (2007) highlighted the presence of multiple policies 
(and very little evidence) within countries means that determining the effectiveness of 
these is quite difficult. With this in mind, the author sought to examine evidence 
regarding the development of the UK biofuels industry, and more specifically, whether 
this market development can be attributed to the said policy tools discussed herein. 
Figure 13 illustrates the development of the biofuels market in the UK, in terms of 
biofuels becoming commercially available and the Fuel Quality Directive being amended accordingly to allow for 
adequate levels of blending'. 
42 Low Carbon Vehicles Partnership. 
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consumption of biodiesel and bioethanol, along with the timing of the implementation 
of the two major policy tools; namely, fuel duty incentives and the RTFO. 
Figure 13: UK Road Fuel Sales 2003-2008 vs. Timing of Policy 
Source.  Jeffrey (2010), based upon statistics from UK Government reports to the 
Commission (2003 — 2008) 
As stated in section 5.3.2, in line with implementation of the Biofuels Directive, the UK 
implemented a fuel duty for biodiesel in 2002. From an examination of the available 
statistics, it becomes clear that biodiesel production and consumption commenced in the 
UK immediately following implementation of this and it therefore 'successfully' 
stimulated a burgeoning market for biofuels. In the first year of implementation, 2.7 
million litres (MLit) of biodiesel were sold in the UK, increasing to 19.5 MLit in 2003, 
representing a seven-fold increase. Sales remained relatively static thenceforth and the 
Government reported that industry had called for a higher level of duty incentive to 
offer the necessary stimulus needed for the market to develop further (UK Government, 
2003; UK Government, 2004). However, the Government considered that the £0.20 p/1 
incentive in place for biodiesel already outweighed the monetised carbon benefit, 
considering this an expensive method of carbon abatement and thus not an option for 
r 
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the long-term support of the industry; despite this fact however, the Government 
acknowledged that duty incentives are an essential policy support mechanism in the 
starting-up of an industry. 
Post-implementation of the fuel duty scheme for bioethanol consumption immediately 
soared, with sales for 2005 reaching 85 MLit, far greater than biodiesel sales for that 
year. In 2006, sales of both biodiesel and bioethanol combined, reached 264 MLit 
(0.54% by volume), representing an increase of 150% from the previous year. 
Subsequently, bioethanol swiftly took over biodiesel as the lead biofuel sold in the UK 
in 2005, although no bioethanol was produced in the UK until 2007. This statistical 
evidence demonstrates that consumption of biodiesel and bioethanol commenced 
immediately following the implementation of the duty incentives, albeit, with a much 
stronger,effect for bioethanol. Over the period 2002-2007, biofuels increased from 0.9 
MLit to 500 MLit, a staggering 555-fold increase. However, can a policy mechanism 
be regarded as successful if the only evidence used to judge it is consumption levels? 
As the policy has more than consumption levels specified within their goals, it is logical 
that all goals be analysed, not merely consumption levels. 
During this time period, it can be said that the main political driver for the market 
penetration of biofuels in the UK was the implementation of fuel duty exemptions; 
however, despite the apparent success of the UK consumption of biofuels, issues still 
arise. For example, this is actually considered by some, such as Bomb et al. (2006), to 
be a fairly low tax exemption and therefore only the cheapest biodiesel is brought onto 
the market, which is mainly biodiesel from waste vegetable oil (WVO), palm oil and 
cheap American soy. As one stakeholder from the CLA pointed out, '20p simply isn't 
enough' to stimulate a greater increase in market or ensure environmental sustainability. 
The Government noted in their 2005 report to the EC that although fuel duty incentives 
had stimulated the burgeoning market, the mechanism had proved insufficient in terms 
of stimulating a mainstream market by encouraging the necessary level of investment in 
production capacity and infrastructure required to meet the EU Biofuels' objectives. 
Bomb et al. (2007) reported that many entrepreneurs have waited on policies and 
actions from policy-makers before investing in more environmentally sound and 
expensive biofuels. Consequently, in the absence of convincing support from the UK 
Government (and any higher excise duty reduction), most oil companies (and industry) 
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have adopted a wait-and-see strategy. However, the EC indicated that a higher level of 
fiscal incentive could potentially give rise to overcompensation, as well as the UK 
Government's recognition that higher incentives could place unsustainable pressures on 
public finances.43 Thus, although this evaluation has provided evidence that a duty 
incentive is a critical feature of a young industry, it has also highlighted that issues arise 
with proposed higher levels of tax exemption. Moreover, it does not address climate 
change or energy security goals. An additional mechanism is therefore required. 
Pursuant to this, the Government implemented a regulatory system in the belief that 
mandated supply requirements would offer greater certainty for the necessary 
investment into the industry; in 2008, the RTFO was implemented and subsequently 
became the UK's primary policy mechanism for biofuels with the hope that this would 
encourage innovation and development of more sustainable (SG) technologies. Slade et 
al. (2008) noted that this was a fairly innovative move for the UK Government, which 
was one of the first MSs to suggest an obligation system in the EU, despite the UK's 
preference for technology-blind policies. 
As can been observed in Figure 13, following implementation of the RTFO, 
consumption of biofuels increased from 500 MLit in 2007 to 1,092 MLit in 2008; 
representing an increase of 118%. The strong growth that can be seen from 2008 
onwards has come despite heavy criticism surrounding biofuels and amid discussions 
for their future within the climate change regime. Nevertheless, it is early days for the 
RTFO and the overall 'effectiveness' of this new mechanism remains to be seen. One 
stakeholder from the UK RFA commented 'that this has stimulated development of new 
production but little impact has been observed on innovation'. It is therefore uncertain 
whether this mechanism will simply increase volume sales or whether it will stimulate 
innovation towards better technologies with increased carbon savings. This seems 
doubtful given the evidence presented in this case study and by Slade et al. (2008) 
illustrating the UK's slow response to bioenergy policy tools and given that existing 
energy and transport systems are characterised by resistance to change (for example, see 
43  This is particularly important in times of austerity and of 'Big Society'. However, the need for 
renewable energy technologies in light of climate change mitigation is an issue of National and 
International significance. Legally binding policies and support measures, although they may come 
against opposition, are justified on these grounds and further efforts towards climate change education 
should be encourage to further support in this regard. 
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Hart et al., 2003, and Jacobsson and Johnson, 2000). There is currently an excellent 
vehicle-fuel infrastructure in place in the UK, which, coupled with the years of 
technological innovation in engine technology, means it is going to be difficult to break 
down barriers for new fuels and vehicle types. Consequently, despite the political and 
legislative drivers discussed herein, it is put forward here that these are potentially 
insufficient to secure the place of environmentally sustainable biofuels in the market. 
Carbon and Sustainability Reporting within the RTFO 
An innovative feature of the RTFO design is that it includes a carbon and sustainability 
reporting system, whereby suppliers have to record data associated with the impact of 
biofuels on environmental and social principles. Wallis and Chalmers (2007) and 
Upham et al. (2009) noted that such a scheme would enable actors to distinguish 
between fuels on the basis of carbon intensity as well as allowing the Government to 
monitor carbon savings resulting from the RTFO. Bomb et al. (2007) further reported 
that the intention of this is to reward the more sustainable biofuels and punish the less 
sustainable. However, in the first year of obligation only 24% of biofuels used in the 
UK met an approved environmental standard, missing the target of 30%; although 99% 
of the fuel reported as coming from food feedstocks met environmental sustainability 
standards (UK RFA, 2008a). In the second reporting period, only 36% of biofuels met 
the environmental standard, again missing the target of 50%; although with 99% of 
domestically produced biofuels meeting the standard. It would appear that the 
effectiveness of this mechanism is thwarted by the current lack of operational 
sustainability standards (as well as the availability of statistics from various feedstocks 
and countries). Additionally, the reporting scheme only covers the direct impacts 
arising from biofuels cultivation, not the indirect effects, which discussed herein are a 
critical concern. This, combined with the fact that the targets are not mandatory and 
that there is no penalty for not reaching them, could be considered a criticism of this 
design; on the other hand, this could be viewed as the first methodology of its kind to be 
included in a statutory measure and a stepping stone towards a global mandatory system 
for environmental assurance. If it is proved that the UK can design and successfully 
implement a sustainability scheme other countries are more likely to follow suit. 
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Other policy mechanisms 
In consultation with stakeholders, it was highlighted that the impact of ECAs, Capital 
Grants and RSA Grants is minimal. One stakeholder pointed out that there is simply 
`too much red tape' associated with ECAs, whereas another stakeholder commented 
`that due to State Aids issues associated with ECAs, it is highly doubtful (this tool) will 
ever be in a form companies can gain benefit from'. The impact is minimal due to the 
limited funding available and this has taken longer than expected or simply failed to 
materialise. Regarding capital grants, another stakeholder commented that 'this is the 
weakest of the UK instruments, as they can only influence limited areas of the UK', with 
another stakeholder saying that they cause 'inequality among regions'. The evidence 
would therefore indicate that whilst these policy tools could be considered a supportive 
feature to the industry, they are by no means a fundamental element for either market 
penetration, or environmental sustainability. 
SECTION ONE (B): IMPLEMENTATION 
5.3 POLICY IMPLEMENTATION 
5.3.1 EU Policy Implementation 
Discussed in Chapter Three, policy implementation refers to the carrying out of 
specified objectives in order to address a problem, in this case, the implementation of 
biofuels as required by the EU Biofuels Objectives. For this purpose, if national targets 
are an expression of formal compliance with the Biofuels Directive, consumption levels 
can be taken as evidence of practical compliance. As Figures 7 and 8 (Chapter Three) 
illustrated, biofuels have been produced and consumed in only a few MSs, with varying 
degrees of success and patterns of implementation. The methodological approach 
analysing implementation included three categories: effective implementation, formal 
compliance and weak implementation. This section examines the UK in relation to this 
methodology in order to assess the effectiveness of this country's implementation of EU 
and domestic policy. 
Figure 14 displays the consumption of biofuels, in terms of percentage of total road fuel 
sales, in the UK and Germany, as compared to the EU-bloc and the target of the 
Biofuels Directive. Figure 15 subsequently presents the EU target for 2005 versus the 
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national indicative target and achieved consumption levels of the UK. Although there 
are gaps in the evidence data, a general trend can still be seen whereby consumption 
levels in the UK are well below the reference values of the EU Directive, as well as the 
EU average; in particular, it pales in comparison to the lead EU MSs, Germany. Indeed, 
the UK only set a target of 0.3% for 2005 against the 2% EU target, achieving only 
0.24%, whereas Germany achieved a target of 3.75%, 1.5% above the reference target. 
Bomb et al. (2007) reported that to meet the indicative target of 5.75% by 2010, 
consumption levels in the UK would need to expand by a factor of 300 whereas the 
evidence indicates that Germany achieved the 2010 reference target as early as 2006. 
Figure 14: UK, German and EU-25 Biofuels Share (% by energy) 
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Figure 15: EU Reference Target, National Target and National Consumption of 
Biofuels for UK 2005 (by volume) 
Source: Jeffrey (2010), based upon statistics taken from UK Reports to the Commission 
(2003 — 2008) 
According to various authors (Thornley & Cooper, 2008 and Slade et al., 2008), 
compared to other MSs the bioenergy sector in the UK is considered to be relatively 
static, historically having shown limited response to policy initiatives implemented for 
bioenergy. Consequently, the ability of the policy instruments discussed herein to 
deliver the envisaged step-change in deployment, which is necessary for successful 
implementation of biofuels for the EU Directive, seemed limited from the outset. Bomb 
et al. (2007) acknowledged that the German Government have supported the domestic 
biofuels industry since the 1990s whereas the UK Government only started to support 
biofuels within the last six years and has subsequently provided ambiguous signals to 
industry. Indeed, the UK was described by Lord Rooker, Minister of State at DEFRA, 
as being 'miles behind' other MSs with regards to biofuels implementation and 
consumption (House of Lords, 2006). The perception by the EC is that progress within 
the UK bioenergy sector has been slow, with Slade et al. (2008) suggesting that the 
combined effects of all mechanisms are insufficient: that there is in fact, evidence of a 
market or regulatory failure (Slade et al., 2008). The inability of other academics and 
researchers to relate progress within the bioenergy sector to specific biofuels policy 
mechanisms for the UK makes it somewhat difficult to say whether the rate of progress 
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seen is desirable, attributable to policy/regulation, or even in line with objectives. 
Despite the 'success' of biofuels' sales in the UK post-implementation of fuel duty 
incentives or the RTFO, the UK is a great deal behind other MSs and more importantly, 
significantly behind the EU target. From an examination of the case study material in 
relation to EU policy implementation, these sales figures are much smaller than other 
MSs, especially when compared to Germany. The UK is therefore classified as having 
weak implementation in terms of EU policy. Regardless of this however, the author 
feels it would be unwise to set a target in line with the EU simply for meeting targets 
sake if to meet this target they would be relying upon unsustainable imports, as this 
surely defeats the objective. Indeed, the UK report to the commission (2009) stated that 
the UK should attain the 5% (by volume) target of the EU Biofuels Directive but that 
this would not occur until 2013/2014, behind schedule. However, with the issues raised 
in the Gallagher Review (UK RFA, 2008a) and with sustainability as yet to be assured, 
perhaps this is the logical path to follow at present. 
In addition, although EU consumption has been consistently rising, as discussed earlier 
in Chapter Three, the EU-bloc only reached modest sales of 1% (by energy) of total 
road fuel sales, missing the E.U. target of 2%, as well as the 1.4% MSs-aggregate 
targets. The UK is therefore not alone in the fact that it missed the references target, 
although this does not offer an excuse as to why it did not reach the specified objective. 
Arguments presented by the UK Government for justification regarding this situation 
include:44 
Time between implementation and first target: the incentives to encourage 
biofuels in the UK were only initiated in 2002, which is only three years prior 
to the first target milestone. The considerable growth that EU targets implied, 
the limited time between the implementation of the EU Directive and the time 
to achieve it represented a challenge to the UK The EC assessed the UK's 
position in the following terms: 
44 Article 4 of the EU Biofuels Directive states that MS may differ from the references targets provided that the 
differentiation is motivated. 
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"If you look at the data for market share in 2003, the UK had a very low 
market share for biofuels, so I do not think it is appropriate to single out 
the UK as one of the worst performers in this respect." 
House of Lords (2006: p14) 
Time required to build new production capacity: Stakeholders in the UK have 
indicated that it takes at least eighteen months and typically far longer, to 
bring new capacity on stream. Even before construction can begin, securing 
investment and obtaining planning permission can both involve lengthy 
processes. This was not in place in the UK time to meet 2005 targets; 
Time to develop supply infrastructure: the inclusion of biofuels in the UK 
requires an appropriate amount of time and investment to develop the existing 
fuel supply infrastructure. This includes new tanks for storage and extensive 
investment at fuel terminals to cater for bioethanol, which cannot be 
transported through the existing pipeline network; 
Time to develop a regulatory framework: including design, CBA and putting 
the appropriate administrative infrastructure and procedures in place; 
EU Fuel Quality Directive: current EU fuel quality standards impose a 5% (by 
volume) limit on the amount of biofuel which can be blended into petrol and 
diesel and the UK does not expect to achieve the EU targets in part due to this. 
Setting a legal obligation on fuel suppliers above the legal limit for ordinary 
road fuels (and suitable for ordinary vehicles) is inherently problematic. Niche 
products such as E85 provide the possibility for sales of blends above 5%, but 
given the current vehicle fleet and refuelling infrastructure, relying on such 
products to make up a significant percentage of total fuel sales (as a 5.75% 
target by energy implies) does not appear realistic in the period to 2010; 
Sustainability risk: the UK consistently acknowledges that there is a serious 
environmental risk associated with biofuels production and consumption, 
which could potentially undermine the central environmental policy objective. 
The 2007 UK report to the Commission noted that the Government is not yet 
confident that higher levels of biofuels can be delivered in a sustainable way; 
therefore without support for biofuels being contingent upon appropriate 
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certification systems coming online, the UK is hesitant to move targets higher 
until this is the case; and 
Transposition of targets: Di Lucia (2007) believes that the UK Government 
shows a lack of interest in transposing the EU target but that the indicative 
nature of the target means that the UK is not compelled to transpose this into 
national legislation. However, the UK Government recognises the difference 
between targets, as targets laid out in the RTFO are expressed on a volumetric 
basis and are therefore substantially below the reference value of 5.75% (by 
energy) set out in the Biofuels Directive (5% biofuel by volume is equivalent 
to ca. 3.4% and ca. 4.4% by energy content for bioethanol and biodiesel, 
respectively) (Perry and Rosillo-Calle, 2007). 
5.3.2 UK Policy Implementation 
Despite the fact that the UK has been classed as having weak implementation with 
regards the EU Biofuels Directive, it has yet to be classified in the literature in terms of 
UK policy implementation. Figures 16 and 17 illustrate the average amount of biofuels 
consumed, as a percentage of total road fuel sales, versus the target set for the two 
obligation periods of the RTFO. It can be observed from these statistics that in the first 
year of the obligation period (April 15th 2008 — April 14th 2009), the UK actually 
surpassed its target of 2.5%; therefore in terms of the RTFO policy, the UK could be 
classed as having effective implementation. However, statistics for the first five months 
of the second obligation period (April 15th 2009 — 14th September 2009), indicate that 
the UK is, on average, below the yearly target of 3.25% and would need an average 
percentage of 3.7% per month to reach the overall annual target - therefore for the 


































Figure 16: Average Percentage of Biofuels within Total Road Fuel Sales vs. RTFO 
Percentage Target (April 15th 2008 — April 14th 2009) 
=Percentage of Total Road Fuel Sales —4—  To rg et 
Month in First Obligation Period 
Source: Jeffrey (2010), based upon statistics compiled from the UK RTFO Monthly 
Reports (April 2008 — April 2009) 
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Figure 17: Average Percentage of Biofuels within Total Road Fuel Sales vs. RTFO 
Percentage Target (April 15th 2009 — September 14th 2009) 
Sourcc Jeffrey (2010), based up statistics from the UK RTFO Monthly Reports (April 
— September 2009) 
SEC] ION Two: Rion.  JELs DISTRIBUTION, BLENDS, FEEDSTOCK AND TRADE  
Part Two of the case study explores the distribution of biofuels used in the UK, as well 
as the feedstock types encouraged by policy (i.e. whether these are domestically 
produced or imported) and which countries these are sourced from. Statistical 
information for this section came from analysing and then putting into tabular form UK 
reports to the EC regarding the EU Biofuels Directive (for the years 2002 to 2007); as 
well as from the monthly reports under the RTFO, for the years 2008 to 2009. With 
regards to the latter, there are two reporting periods: the First Reporting Period (15th 
April 2008 — 14th April 2009) and the Second Reporting Period (15th April 2009 — 14th 
April 2010). However, at the time of analysis, information is only available for the first 
six months of the second obligation period (April 15th 2009 — October 14th 2009). 
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5.4 	BIN:tins DISTRIBUTION AND BLENDS 
5.4.1 How have policies implemented affected which types of fuels are consumed? 
Figure 18 illustrates the proportion of biodiesel and bioethanol consumed in the UK, 
from 2002 to 2009. The UK has enacted policies to encourage biofuels since 2002; 
however, between 2002 to 2005 these were aimed solely at biodiesel, which accounted 
for 100% of the biofuels consumed in the UK. No bioethanol was consumed in the UK 
prior to 2005; however consumption quickly expanded and in that year bioethanol was 
the dominant biofuel used, with ca. 80% of the overall total. Nevertheless, policies 
implemented in the UK have consistently resulted in biodiesel as the dominant biofuel 
consumed, with an average ca. 77% dominance over the eight-year period of the UK's 
biofuel industry. 
Figure 18: Proportion of Biodiesel vs. Bioethanol (2002-2009) 
Soto 	Jeffrey (2010), based upon statistics compiled from UK Reports to the 
Commission (2003-2009) 
Blend, 
In line with regulations set by the EU CEN, the UK uses low-level blends of both 
biodiesel and bioethanol at 5% (by volume), which is the maximum extent possible 
under EU laws. 
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5.5 BIOEUELS FEEDSTOCK 
5.5.1 How have policies implemented affected which feedstocks are used to fulfil 
policy targets? 
For the years 2002 to 2007, the author was unable to gain statistics for the various 
feedstocks sourced for biofuels use within the UK. However, for the two reporting 
periods of the RTFO, the feedstocks used are recorded, from which a trend can be 
amassed for the UK industry. The amounts of biodiesel and bioethanol consumed in the 
UK during these two periods are shown below: 
First Reporting Period Biodiesel 1029 MLit 
(15th April 2008 — 14th April 2009) Bioethanol 221 MLit 
Second Reporting Period Biodiesel 470 MLit 
(15th April 2009 — 14th October 2009) Bioethanol 108 MLit 
Biodiesel 
Figures 19 and 20 illustrate the proportion of each type of feedstock used to produce the 
biodiesel consumed in the UK within the two obligation periods of the RTFO. These 
statistics give evidence to the fact that soy is the main feedstock used to produce the 
biodiesel consumed in the UK, with ca. 41% and ca. 36% of feedstock total, 
respectively. 
Sunflower 	Unknown 












Figure 19: Proportion of Biodiesel by Feedstock (15th April 2008 — 14th April 2009) 
Sunflower Unknown UCO 








,S'eurce Jeffrey (2010), based upon statistics compiled from UK Monthly Reports under 
the RTFO 
Figure 20: Proportion of Biodiesel by Feedstock (15th April 2009 — 14th September 
2009) 
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Figures 21 and 22 illustrate the proportion of each type of feedstock used to produce the 
bioethanol consumed in the UK, within the two obligation periods of the RTFO. These 
highlight that sugarcane is the dominant feedstock, which accounted for ca. 81% and ca. 
78%, respectively. 




















Figure 22: Proportion of Bioethanol by Feedstock (15th April 2009 — 14th October 
2009) 
SeiticA Jeffrey (2010), based upon statistics compiled from UK Monthly Reports under 
the RTFO 
Policy mechanisms to encourage biofuels in the UK have thus far been non-specific 
about the feedstock type used for biofuels production. This has resulted in the cheapest 
feedstock being used, which is not necessarily the most environmentally sound, 
discussed further in Part Three. Such evidence indicates that a policy change is needed 
to one in which specific feedstocks are targeted. 
5.6 	BIOHJELS TRADE 
5.6.1 How have policies implemented affected the relationship between domestic 
biofuels and imports? 
The UK is a nascent producer and consumer of biodiesel and bioethanol, which coupled 
with high costs associated with biofuels and domestic supply limitations, has resulted in 
a situation whereby the domestic demand for biofuels is unlikely to be met with 
domestic supply alone. The UK can import biofuels products in order to increase their 
consumption levels and achieve policy targets. Rosillo-Calle and Perry (2006) noted 
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that for various reasons, such as the reluctance of suppliers and consumers to provide 
data, which is often regarded as commercially sensitive, or difficulties associated with 
the statistical classification of imports for energy, it is often difficult to obtain detailed 
information concerning the level of bioenergy imports coming into the UK This is a 
common feature throughout the whole industry however, and far from being unique to 
the UK biofuels market. 
These difficulties make this section of the analysis somewhat problematic; however, 
from Figure 23 (which displays the production of biofuels in the UK vs. consumption of 
biofuels in the UK, for the years 2002 — 2008); it is evident that a significant amount of 
imports are required. For example, 85 MLit of bioethanol was consumed in the UK in 
2005, increasing to 95 MLit in 2006; however, as discussed previously, production did 
not commence in the UK until 2007. In 2008, only 26.6% of the biofuels consumed in 
the UK were from domestic resources whereas 73.4% were sourced from abroad. The 
evidence demonstrates that policy has not been sufficient to encourage domestic 
production and that imports have been necessary in the UK from the outset of the 
biodiesel and bioethanol industry. Such evidence indicates that a policy change is 
required to promote environmentally sound and domestically produced biofuels. 
Figure 23: Production of Biofuels vs. Consumption of Biofuels (2002-2008) 
Soursc  Jeffrey (2010), based upon UK Reports to the Commission (2003 — 2008) 
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5.6.2 Country of Origin 
Previous sections have illustrated that the policy mechanisms implemented have 
encouraged sales of biofuels in the UK and that these could be considered effective 
mechanisms in this regard. However, as also discussed, the UK has achieved these 
results by means of imports, with average imports of ca. 94% of all biodiesel consumed 
and ca. 83% of bioethanol consumed, in the last two years. This section of the analysis 
therefore wishes to consider the country of origin for the biofuels consumed in the UK. 
Gaining accurate statistics in this regard is problematic and compounded by the fact that 
companies either import already produced biofuels or simply the feedstock, resulting in 
issues with chain of custody where records are concerned. However, the RTFO 
reporting scheme has recorded the country from which biodiesel and bioethanol have 
been sourced for consumption in the UK, as a proportion of total amount, for the first 
two obligation periods. The author can therefore take this as an approximate figure for 
the amount of imports into the UK during this time. 
Biodiesel 
Figures 24 and 25 illustrate the proportion of biodiesel consumed in the UK, by country 
of origin, for 2008 and 2009. It is evident from Figure 24 that the US is the dominant 
country from which the UK sourced its biodiesel in the first obligation period, 
accounting for 38%. However, as Figure 25 indicates, this is replaced by Argentina in 
the first six months of the second obligation period, accounting for a dominant 24%. 
These statistics also give evidence that in the first twelve months of the RTFO, only 6% 
of the biodiesel consumed in the UK was sourced domestically (Figure 24), increasing 
slightly to a 9% average in the first six months of the second obligation period (Figure 
25). Policies are being justified for their energy security and rural development 
benefits; however, imports, particularly unsustainable resources, do not match these 
goals. A revision of policy is required. 




























Figure 24: Proportion of Biodiesel by Country (15th April 2008 — 14th April 2009) 
Sourct Jeffrey (2010), based upon statistics compiled from UK Monthly Reports under 
the RTFO 
Figure 25: Proportion of Biodiesel by Country (15th April 2009 — 14th October 2009) 












Figures 26 and 27 demonstrate the proportion of bioethanol consumed in the UK, by 
country of origin. These statistics reveal that Brazil is the principal country from which 
the UK imports ethanol, accounting for ca. 82% and ca. 78% in the first and second 
obligation periods, respectively. The statistics also illustrate that ca. 17% of bioethanol 
feedstock used for the production of biofuels consumed in the UK were sourced 
domestically, an average figure which continues into the first six months of the second 
obligation period. 	Although this is greater than domestic biodiesel, which is 
encouraging, it is anticipated that these imports from Brazil will continue to dominate 
the market in the UK, rather than a significant increase in domestically produced 
bioethanol. However, in comparison to other MSs, this situation can be observed all 
over the EU-bloc: 2008 was a record year in terms of imports for bioethanol into the EU 
as a whole,45 with total imports estimated to have reached ca. 1.9 BLit, an increase of 
400 MLit compared to 2007 (or rather, 26.6%) - ca. 75% of this ethanol was sourced 
from Brazil (Biofuels Platform, 2009). Again, evidence suggests that a policy shift is 
required to encourage a stronger domestic market and ensure that energy security and 
economic rural development objectives are achieved. 
Figure 26: Proportion of Bioethanol by Country (15th April 2008 - 14th April 2009) 
Source: Jeffrey (2010), based upon statistics compiled from UK Monthly Reports under 
the RTFO 











Figure 27: Proportion of Bioethanol by Country (15th April 2009 -- 14th October 2009) 
Source: Jeffrey (2010), based upon statistics compiled from UK Monthly Reports under 
the RTFO 
International bioenergy markets are developing rapidly and international trade is 
growing quickly in response, being important for countries like the UK, which choose 
not to meet domestic demands with domestic production. However, increased trade in 
biofuels has raised several important issues throughout academia and industry, 
particularly with regards to sustainability of supply, compliance with international trade 
agreements, and the impact that this can have on exporting countries (Upham et al., 
2009). As early as 2004, in an economic analysis carried out by the UK Government, it 
was noted that imports from abroad would limit the potential benefits to the UK and 
broader agricultural and rural sectors of this new market. In addition to this, greater 
demand from the UK and EU-bloc for biofuels feedstocks could lead to deforestation in 
South East Asia and South America, thereby undermining the environmental benefits 
sought through the implementation of policies. A question that cannot be ignored is: by 
providing most of the biofuels to the UK by imports, is this causing detrimental harm to 
other countries? Is one country advancing at the expense of another? 
The UK Government reported in 2006 that higher excise reductions would result in 
imports from abroad, a situation that has occurred regardless. One feels that fuel duty 
incentives (and the RTFO) are not a the most appropriate choice of mechanism if they 
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are encouraging cheaper imports from abroad rather than encouraging domestic supply. 
This is a positive feature in terms of economic development in other states (i.e. those 
that produce the biofuels for the. UK market); however, considering the principal driver 
for the UK is energy security, domestic rural development and climate change, by 
shifting from importing oil to importing biofuels, we are not particularly any better off 
with regards to either. In times of financial crisis the likes which the world has seen in 
2008/2009, the UK should be attempting to reduce foreign dependency through local 
and domestic production in order to boost the economy and not rely on imports. Indeed, 
by supplying domestic consumption through imports, this demonstrates that the actions 
of the Government are not in line with stated objectives because imports do not improve 
energy security, boost rural development or improve climate change. 
SECTION THREE:. SUSTAINABILITY 
5.7 	SUSTAINABILITY ANALYSIS 
In response to the issues and concerns highlighted within this thesis thus far, 
sustainability has developed as a key priority and overarching principle for the 
production and consumption of biofuels. The UK Government's policy on biofuels has 
always purported to be based on making their production and use sustainable (UK RFA, 
2008); however, evidence to this effect is limited and in the 2003 report to the EC, the 
Government acknowledged their concerns about the limited role biofuels can play in a 
low carbon economy within the UK, due to land availability and environmental impacts. 
Indeed, FG biofuels (those implemented under the current policy measures) are highly 
criticised for their ability to address sustainability concerns. In view of this, and as 
discussed in the methodology (Chapter Two), the author believes that a critique of 
policy mechanisms for biofuels needs to incorporate sustainability concerns, rather than 
looking at volume consumption targets as the only important factor that defines the 
success of these instruments; as previous critiques have done. 
Part Three of the case study therefore presents an analysis of the dominant feedstock 
used within the UK against the first two SI identified in Chapter Two: GHG emissions 
and land-use.46 This requires information that is often difficult to obtain, or is unclear, 
as it involves many varied factors, as well as statistical information sustainability risks, 
46  Water consumption was not examined for the UK case study due to insufficient data to make a reliable assessment. 
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which are particularly difficult to capture.47 With regards to SI I - GHG emissions 
reductions - statistics are often highly ambiguous due to the fact that GHG emissions of 
different biofuels can vary significantly depending on factors such as the system of 
cultivation, processing, and transportation of feedstock. Concerning land-use change 
(SI II) associated with biofuels, this is a newly-recognised issue and there is, as yet, a 
significantly lacking amount of data recorded, not least because this encompasses 
various different Government departments and field. However, as discussed above, the 
RTFO reporting system requires that fuel suppliers claiming Renewable Transport Fuel 
Certificates submit monthly reports on lifecycle GHG emission savings and the overall 
sustainability of the biofuels they supply, including previous land-use. The author was 
therefore able to consult the RTFO monthly reports to amass a trend for SI I and SI II, 
for the years 2008 and 2009. 
5.7.1 Sustainability Indicator One (SI 1): GHG emissions reductions48  
The biofuels feedstock achieves > 40% GHG 
SI I 	emissions reduction (as compared to fossil fuel 
counterpart) 
Figure 28 illustrates that in the first obligation period, the RTFO reported an overall 
average GHG emission savings of 47% achieved against > 40% target of the RTFO and 
SI I. Figure 29 illustrates that the total average GHG emission savings achieved in the 
first six months of the second obligation period are 48.4%, as compared to the SI I 
target of > 40%. 
47  As a result, the author was unable to gain information pertaining to SI 1-3, for the years 2002 — 2007. 
48  GHG saving refers to the amount of GHGs that have NOT been emitted to the atmosphere due to replacing petrol 
and diesel with bioethanol and biodiesel, respectively. 
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Figure 28: Average Overall GHG Emissions Savings per Month vs. > 40% SI 1 Target 
(15th April 2008 - 14th April 2009) 
Source: Jeffrey (2010), based upon statistics compiled from UK Monthly Reports under 
the RTFO 
Figure 29: Average Overall GHG Emissions Savings per Month vs. > 40% SI I "Target 
(15th April 2009 - 14th October 2009) 
.SOurce . Jeffrey (2010), based upon statistics compiled from UK Monthly Reports under 
the RTFO 
Considering these statistics, the UK would appear to be performing well in terms of a 
reduction of GHG emissions associated with biofuels. However, this figure excludes 
the emissions from indirect land-use change and the Gallagher Review (UK RFA, 
2008a) indicated that these can significantly alter the overall W-T-W life cycle 
emissions of a biofuel. The actual GHG emissions reductions for the UK could actually 
be much lower than this once land-use calculations are taken into account. 
Furthermore, the statistics illustrated above display that the GHG emissions saved over 
a period of time, taken as an average of all biofuels recorded. These figures do not 
display the GHG emissions associated with individual feedstocks from each individual 
country, which in some cases presents a negative saving and which could undermine the 
importance of the overall objective. Figures 30 and 31 therefore display the individual 
GHG emissions per feedstock and country of origin, recorded for the twelve months of 
the first obligation period and the first six months of the second obligation period, 
respectively. 
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Figure 30: GHG Emission Savings of Bionicls by Feedstock and Country of Origin (15th April 2008 — 14th April 2009) 
Source: Jeffrey (2010), based upon statistics compiled from UK Monthly Reports under the RTFO 
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Figure 31: GHG Emission Savings of Biofuels by Feedstock and Country of Origin (15ffi April 2008 — le October 2009) 
Source: Jeffrey (2010), based upon statistics compiled from UK Monthly Reports under the RTFO 
From Figure 30, it can be seen that the principal biodiesel feedstock - American soy —
has an average GHG emissions saving of ca. 32.5%, which is below the > 40% target of 
in SI I. The feedstocks with the highest associated GHG emissions saving are biodiesel 
from tallow and used cooking oil (UCO), with GHG savings of ca. 85% and ca. 85%, 
respectively; however, only ca. 11% of the total biodiesel consumed was sourced from 
tallow, of which ca. 4.5% was sourced domestically. Concerning UCO, only ca. 3.6% 
of the biodiesel market was produced from this feedstock, of which ca. 91% was 
produced domestically. In addition to this, the 0.8 MLit of OSR imported from 
Germany has a GHG saving of ca. -94%. Although this is only ca. 0.07% of the market, 
it still seems illogical to be using it at all when it emits 94% more GHG emissions than 
the fossil fuels it is supposed to replace. With respect to bioethanol in the first 
obligation period, the principal feedstock which dominates the market, Brazilian 
sugarcane has an average GHG emission saving of ca. 71%, a great deal higher than > 
40% target of SI I. However, it should be noted that UK sugar beet also has a GHG 
emissions saving of 71% but this only accounted for ca. 16.8% (37.3 MLit) of the total 
bioethanol market. 
Figure 31, which pertains to the first six months of the second RTFO obligation, 
illustrates that the principal biodiesel feedstock for this period, Argentinean soy has an 
average GHG emissions saving of ca. 44%, just slightly above the > 40% target of SI I. 
As with the first period, the feedstocks with the highest GHG emission saving are 
actually tallow and UCO, with GHG emission savings of ca. 80% and 85%, 
respectively; however, only ca. 24% of the biodiesel market was produced from tallow, 
of which ca. 14.6% was UK-sourced; and only ca. 3.7% of the market was from UCO, 
of which ca. 80.5% was UK-sourced. With respect to bioethanol feedstocks utilised, the 
situation observed is much the same as in the first obligation period, with Brazilian 
sugarcane being the dominant feedstock with the highest GHG emissions saving. In 
addition to this however, the UK sourced ca. 13.6% of its overall biofuels market from 
feedstocks with a negative GHG emission saving, ranging from -8% to 36%. 
Policy Effectiveness: how have policies implemented affected GHG emissions? 
A review of the GHG emission savings associated with the feedstocks and fuels used in 
the UK emphasises the wide array of results that can be achieved. The analysis 
illustrated that the current UK system is averaging GHG emissions savings of ca. 47% 
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and ca. 48.4% in the first and second obligations periods, respectively. These figures 
are higher than the > 40% GHG emission savings of SI I and indicate a positive result 
for UK policy (the RTFO). Another positive outcome is that the ethanol industry 
appears to be scoring very well, even with imports of ca. 77%, achieving ca. 71% 
emission saving with Brazilian ethanol. However, a negative feature of the UK 
framework is that it has resulted in American Soy as a dominant feedstock over the last 
few years, which only has an estimated emissions reduction of ca. 32.5%. Therefore 
although the UK might have an average GHG saving that presents a positive outcome, it 
still imports vast amounts of cheap US biodiesel with a low GHG emissions saving. 
Moreover, the analysis indicates that the UK imports fuels with a negative GHG 
emission saving which are worse than the fossil fuels they are trying to replace. 
Consequently, whereas the RTFO carbon and sustainability reporting scheme is 
attempting to deal with environmental issues whilst at the same time encouraging 
supply, from the results presented herein, it would appear that at present the scheme is 
encouraging supply at the expense of greater GHG emissions savings. The UK 
purportedly implemented biofuels as a strategy to tackle climate change but if they are 
consuming biofuels with the worst or ineffective GHG emissions savings then policy 
results are contradicting policy objectives. Furthermore, bioethanol from Brazilian 
sugarcane has an excellent GHG emissions saving of ca. 77%; however, as illustrated 
above, the dominant biofuel consumed is biodiesel. It would be more logical to 
encourage bioethanol with greater GHG emission savings rather than inefficient 
biodiesel. A policy change towards feedstocks with greater GHG emissions savings is 
required. 
5.7.2 Sustainahility Indicator Two (SI II): Direct Land-use Change 
Evidence that the feedstock in question is not being grown on 
Sill 
	land previously used for other food crops or land with high 
biodiversity value 
As discussed previously, land-use change is a controversial issue in the current biofuels 
debate, as the increased demand for biofuels crops, particularly FG, may displace 
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existing agricultural production and potentially threaten food security; as well as 
resulting in land that was previously idle or classed as having high biodiversity or 
carbon stock being brought back into production. For example, it has been suggested 
that increased use of rape seed oil for biodiesel production in Europe could reduce the 
amount available for the food industry, leading in turn to increased imports of palm oil 
(indirectly increasing deforestation in producer countries). Changes in land-use is an 
extremely important consideration because whether or not UK agriculture has enough 
spare land capacity sufficient to meet the forthcoming demand on biofuels required 
under the RTFO has caused considerable debate. Upham et al. (2009) reported that 
median estimates for the amount of arable land that would be required if policy targets 
were met through UK production alone range from 10% (for sugar beet ethanol) to 45% 
(for wheat straw ethanol). For this reason, SI II wishes to explore the land-use change 
effects as a result of biofuels in the UK A representative from the CLA has highlighted 
that the information required for SI II is not available due to a lack of recorded 
information within government or information available to the public; therefore in order 
to analyse SI II the author examined land-use statistics as recorded under the RTFO, 
which document the land-use prior to 2005, as well as theoretical land-use given current 
policy targets. 
UK Land-Use: Theoretical Analysis 
For the year 2008, agricultural statistics show that over 70% of total UK land was 
recorded as being under agricultural use and that the total land area is 24.2 million 
hectares (Mha), of which total agricultural land-use accounted for 18.7 Mha (77%) and 
arable land for 6.0 Mha (23%) (DEFRA, 2007a). The total area used to grow crops in 
2008 was 4.7 Mha, within which the largest arable crops by area are wheat (3.2 Mha), 
barley (2.0 Mha) and OSR (0.6 Mha); accounting for 42%, 20% and 12% of the 
agricultural land area, respectively (DEFRA 2007b; Perry and Rosillo-Calle, 2007). Of 
this, both wheat and OSR can go for food, animal feed or fuel, either in the UK or for 
export, and there is no way to distinguish where this goes - as pointed out by a 
representative of the CLA, it is not possible to find out how much of this crop is being 
used as feedstock for biofuels production since the UK energy crop scheme was 
dropped, as there is no longer a central statistic bank where this information is recorded. 
It is therefore impossible to say if supplying biofuels for the RTFO is causing direct 
land-use change for the purpose of SI II. 
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However, research conducted by the National Farmers Union (NFU) of the UK into the 
potential for the UK to meet the demands of the RTFO targets domestically 
demonstrated that UK farming can supply the 5% (by volume) target of the RTFO, as 
illustrated in Table 9. Assuming 2008 values of 18.7 Mha agricultural land, of which 6 
Mha is arable, then the 2010 figures from the NFU estimate that 1.2 Mha, or rather, ca. 
20% of UK arable land would be needed. However, whether or not the UK can afford 
to set aside 20% of its arable land without displacing food crops is unclear. Indeed, 
20% seems rather high and it is this very fact that has been used by opponents of UK 
biofuels to undermine the UK's ability to supply for this market and attempt to derail 
biofuels on a food versus fuel debate. However, the NFU reported that the UK 
agricultural market is far off reaching productive capacity. The projected extra land 
required to meet the 5% RTFO (net of co-product) is in the region of 900,000 ha; the 
UK has a current average exportable wheat surplus of 3 MTo (375,000 ha) and 
mandatory set-aside of 559,000 ha (NFU, 2008). Therefore the NFU (2008) argues that 
`at present, and in the foreseeable future, there is no food versus energy conflict in the 
UK Indeed the introduction of new bioenergy markets will help agricultural efficiency 
in capturing solar energy and exploit synergies between the two products'. 
Table 9: Illustration of Land Involved in Supplying the RTFO for 2010 
PETROL DIESEL TOTAL 
Estimated 2010 
Demand 
19 millioh tonnes  22:5 million tonnes 41:5millioli;toimes 
5% by volume 
(RTFO) 
1.2 billion litres of 
bioethanol 
1.35 billion litres of 
biodiesel 
2.55 litres of biotite] 
Feedstock Required 3 million tonnes 
2.7 million tonnes of 
OSR 







1,2 I 5,000 ha required 
Source: statistics compiled from NFU (2008) and DEFRA (2007a and b) 
Nb: these calculations use high estimates for fuel demand and conservative average yield estimates 
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regarding previous land-use prior to 2005; Figures 32 to 35 display the recorded 
previous land-use for biodiesel and bioethanol, for the first obligation period and the 
first six months of the second obligation period, respectively. From these, it can be 
determined that the majority of land used for growing biofuels feedstocks is cropland 
(arable), with ca. 49% and ca. 69% in the two obligation periods, respectively; however, 
ca. 36% of previous land-use is unknown in both cases. With regards to bioethanol, 
Figures 34 and 35 indicate that ca. 63% and ca. 87% of previous land-use was cropland, 
with ca. 36% and ca. 13%, unknown. As the requisite research for policy development 
has not been conducted, the UK cannot therefore be sure that this will not be grown on 
land that would otherwise have been used for food crops, is causing deforestation, or 
negatively affecting biodiversity through indirect land-use change. 
Figure 32: Proportion of Previous Land-use (Prior to 2005) for Biodiesel Feedstocks 
(15`h April 2008 — 14th April 2009) 









Figure 33: Proportion of Previous Land-use (Prior to 2005) for Biodicsel Feedstocks 
(15'1' April 2009 - le October 2009) 
Source: Jeffrey (2010), based upon statistics compiled from UK Monthly Reports under 
the RTFO 
Figure 34: Proportion of Previous Land-use (Prior to 2005) tbr Bioethanol Feedstocks 






















Figure 35: Proportion of Previous Land-use (Prior to 2005) for Bioethanol Feedstocks 
(15'1 ' April 2009 	14`h October 2009) 
Source: Jeffrey (2010), based upon statistics compiled from UK Monthly Reports under 
the RTFO 
Policy Effectiveness: how have policies implemented affected land-use change? 
The evidence presented for the evaluation above (and taken from the UK RTFO 
monthly statistics) indicates that it is not possible to determine if any direct land-use 
change has occurred in Britain due to the implementation of biofuels. However, it 
illustrates that between 49% - 63% of the biodiesel and between 63% to 87% of the 
bioethanol consumed in the UK is grown on arable land, the majority of which will be 
abroad. Moreover, ca. 36% of the biodiesel and 13 to 36% of the bioethanol consumed 
is from an unknown source; therefore it cannot be said with certainty that the UK is not 
causing indirect land-use change abroad, resulting in displaced food crops or causing 
detrimental damage to the environment. Sourcing biofuels from abroad (rather than 
domestically) means that the UK has no control over the sustainability of these fuels. 
There are no internationally recognised sustainability standards and to reject a fuel at 
the UK border because it did not meet one would constitute a barrier to trade in the 
absence of an agreed rule-based certification, or other evaluation system pertaining to 
the sustainability of said products. As discussed by Rosillo-Calle and Perry (2006), 
certification schemes can actually hinder international biotrade. However, if a set of 
rules that satisfies a wider international audience can be agreed, certification could play 
an important role in promoting sustainable international biotrade. Because of farm 
7 ) 
assurance schemes in the UK, biofuels produced domestically automatically come under 
a scheme that ensures that the crops are produced without harming the environment, 
indeed, 99% of the feedstocks sourced from the UK met environmental standards; 
however, only 35% of imports did. It does not seem sensible policy to subsidise 
biofuels and force their use through targets if their sustainability and indirect effects 
cannot be measured or guaranteed; rather, a policy change is required. 
It could be argued that if there is any chance at all, however small, that devoting land to 
biofuels crops for the UK displaces other activities (such as growing food) on land 
somewhere else in the world, they should not be used. Research by the NFU (2008) 
illustrates that the UK does actually have the potential to supply the amount of biofuels 
required to meet the RTFO targets domestically; however, as discussed above, the UK"s 
domestic capacity is minimal due to a lack of sound policy and regulation, which in turn 
affects investment into production facilities and infrastructure. We know that we need 
to find a solution to the ever-increasing emissions from road transport and right now 
biofuels are the only commercially available technology on a large scale. The policies 
currently in place seem unlikely 'to solve social, economic, environmental and 
sustainability problems posed by land-use, resources etc. as currently most (or none) of 
the schemes are not an effective substitute for positive legislation. The UK Government 
believes that a more cautious approach to biofuels production is necessary until the 
evidence is clearer about the wider environmental and social effects of biofuels (UK 
Government, 2008). In view of such evidence, it becomes apparent that the current UK 
system is far from sustainable and further research in this direction is necessary to take 
the biofuels industry to where it needs to be. However, rather than abandoning biofuels 
altogether, it would be more logical to find a solution to these issues with better 
standards and regulation. 
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SECTION FOUR: THEORETICAL DRIVERS AND BARRIERS  
This section aims to further explore the theoretical drivers and barriers, by applying the 
methodology presented in Chapter Two to the UK case study. Figure 36 displays the 
resultant 'true' and 'false' theoretical drivers and barriers as they apply for the UK.49 
The evaluation showed that there are there are four factors, which are proven to be true 
and therefore need to be considered in Chapter Eight, in the recommended design of a 
new policy framework. Moreover, that there are fifteen combined drivers and barriers 
that can be disproved for the UK. 
49  The full theoretical drivers and barriers analysis, including which factors are logical for consideration in the policy 
design of Chapter Eight, can be seen as Annex 3. 
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Figure 36: Theoretical Drivers and Barriers Analysis (UK) 
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5.8 	TRUE DRIVERS AND BARRIERS 
This section simply deals with the theoretical drivers and barriers that are specifically 
relevant to the UK. Those that were disproved or found to have no relevance do not 
appear here. However, for a full analysis, please see Annex 3. 
5.8.1 	Drivers 
The first driver which proved to have had an influence in the UK was international 
governance - the decision by the UK Government to implement policy mechanisms for 
biofuels, and the resultant demand for these in the UK, has been triggered by policy 
approaches at the EU and international level; for example, the EU Biofuels Directive 
(2003) and Presidency Conclusion Targets (2007). Global international governance for 
biofuels is consequently recognised as an important driver to the UK biofuels industry. 
However, as issues surrounding sustainability and trade persist, the current architecture 
of global governance is challenged and any future policy design within the UK 
Government should not be considered independently but should work with international 
institutions to create more effective global governance. 
5.8.2 Barriers 
The first barrier of concern is economic risk, as there is risk to producers and 
manufacturers that their output will not generate sufficient revenues to cover operating 
costs and generate profit. This is because the market for biofuels is still uncertain and it 
is still often not cost-competitive without subsidies. As further sustainability and land-
use issues come to light, these subsidies are being withdrawn and there is no guarantee 
to investors that they will regain their initial cash outlay. The second barrier also 
concerns economics but this time it comes in the form of the additional costs associated 
with biofuels market development. For example, the additional costs associated with 
installation of the necessary infrastructure and refuelling points or even the additional 
costs associated with the administration of complex policy schemes such as 
sustainability certification. The third barrier of concern is technology availability, as 
second generation biofuels technologies are not yet commercially available in the UK. 
The UK reduced the RTFO target in light of sustainability issues highlighted in the 
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Gallagher Review (UK RFA, 2008) and until more advanced and sustainable 
technologies come on line. Further policy approaches for biofuels need to be targeted 
towards specific technologies which offer greater GHG savings and require less land. 
5.9 	CHAPTER SUMMARY 
This chapter has sought to contribute to the analysis for research questions 3 and 4 and 
their objectives. The analysis of the UK case study has strengthened the foundation for 
Government support for biofuels but has shown that without the appropriate mix of 
policy instruments, weak implementation (driven by reliance upon imports and a 
foreign biofuels sector) can result with little policy interest in the consequences for 
sustainability. The principal mechanisms used in the UK have been excise duty 
reduction and a national consumption mandate. Although the latter attempts to address 
sustainability issues by including GHG emissions targets and recording various 
environmental factors, these are still prevalent in the UK and further policy action is 
necessary in order to overcome these and utilise the most appropriate feedstocks to 
reduce GHG emissions within the context of necessary environmental sustainable 
considerations. 
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6 CRITICAL ANALYSIS: GOVERNMENT SUPPORT FOR BIOFUELS IN TIIE US 
6.1 INTRODUCTION 
The US has a long and experienced history with ethanol as a fuel, with a sizeable 
market dating back more than thirty years. Since 2005, it has been ranked the world's 
largest producer of this fuel. Since 1999, the US has also had a burgeoning biodiesel 
market and is now a major player in world trade, with an export market greater than 
domestic consumption. Both of these markets are likely to grow rapidly in years to 
come following the implementation of a federal mandate. However, more recently, the 
US ethanol industry has been heavily criticised for its use of 'unsustainable' feedstocks 
and the potentially negative environmental effects occurring in other jurisdictions. This 
chapter aims to continue the political discourse surrounding biofuels policy, by 
presenting an in-depth case study of the US. It is not the intention of the author to 
provide a catalogue of all federal policies enacted but rather to provide an illustrative 
analysis of the key mechanisms that have driven market penetration and in this manner, 
provide lessons for policy design. The format of this chapter will follow the 
methodological framework presented in Chapter Two, comprising four sections in turn: 
Institutional Setting and Implementation; Biofuels Distribution, Feedstock and Trade; 
Sustainability; and Theoretical Drivers and Barriers. 
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SECTION ONE (A): INSTITUTIONAL SETTING  
6.2 	US FEDERAL POLICY AND REGULATORY INSTRUMENTS 
6.2.1 Federal Tax Incentives 
Excise Tax Exemption: 1978 — 2004 
Following implementation of the 1978 Energy Tax Act, the US ethanol industry has 
consistently been supported by the Government through production tax credits, although 
the level of this exemption has changed throughout the years. This is structured in the 
same manner as the duty scheme in the UK, whereby a pre-specified tax credit is 
available for each unit (in this case, gallon) of output of ethanol a plant produces. The 
subsidy was originally structured around thresholds, with different levels of reduction 
for blends of at least 5.7% (E5.7), 7.7% (E7.7), 10% (E10) and 80% (E80). Table 10 
displays the tax exemptions and loans that have historically been offered for fuel 
ethanol in the US between 1978-2004. 
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Table 10: Exemption from. Motor Fuels Excise Tax for Alcohol Blends 
Year Authority Tax Exemption or Loan 
1978 Energy Tax Act 
$0.40/gallon (€0.29/£0.25) 
$0.04/gallon for E10 
1980 Crude Oil Windfall Profits Tax 
$0.40/gallon (€0.29/£0.25) 
$0.40/gallon (€0.29/£0.25) blenders credit* 
1980 Energy Security Act 
- $1 million insured loans for small ethanol producers (< 1 MGa1 per year) 
- price guarantees for biomass energy projects; 
- purchase agreements for biomass energy used by Federal agencies. 
1983 Surface Transportation Assistance Act 
$0.50/gal 
$0.09/gal for > E85 
1984 Tax Reform Act 
$0.60/gal 
$0.60/gal blenders credit* 
1986 Tax Reform Act $0.06/gal for > E85 
1990 Omnibus Budget Reconciliation Act** 
$0.54/gal 
$0.54/gal blenders credit* 
1998 
Intermodal Surface Transportation Efficiency Act The ethanol subsidy was extended through 2007 with a gradual reduction from 
$0.54/gal to $0.5/gal in 2005. 
$0.54/gal net 
1992 Energy Policy Act $0.0416./gal of 7.7% blend 
$0.0308/gal of 5.7% blend 
2001- 
Ethanol subsidy reduced. $0.53/gallon 
2002 
2002- 
Ethanol subsidy reduced. $0.52/gallon 
2003 
2004- 
Ethanol subsidy reduced. $0.51/gallon 
2005 
Source: Koplow (2006) and EIA (2008) 
*Blenders income tax credit is reduced by any benefit from the excise tax reduction; they are not additive. 
** The reduction of the excise tax exemption from 600 to 540 per gallon corresponded to the introduction of the small ethanol producer credit. According to retired Joint Committee 
on Taxation analyst Ben Hartley, this shift was an attempt by Senator Robert Dole to redirect some of the benefits to small producers, in order to boost farm support and expand the 
political base for the ethanol program (Hartley, 2006; cited in Koplow, 2006). 
Volumetric Ethanol Excise Tax Credit 
The federal ethanol excise tax credit was replaced by the Volumetric Ethanol Excise Tax 
Credit (VEETC) in 2004.5° Under this mechanism an ethanol blender registered with 
the IRS is eligible for an incentive in the form of a tax credit based on ethanol blended 
into motor fuel (Koplow, 2006; US RFA, 2008a). Between 2004 to 2008, the value of 
this subsidy was $0.51 per gallon (p/gal) of ethanol; however the 2008 Farm Bill 
reduced the credit to $0.45 p/gal (USC, 2008). 
The VEETC is awarded without limit to every gallon of ethanol blended in the 
marketplace, domestic or imported, and the design eliminates the previously restrictive 
blend levels, providing significant flexibility to oil companies to blend as much or as 
little ethanol as required to meet their volume needs (US RFA, 2009a). According to 
Koplow (2006), this structure also enables a faster recovery of funds than was possible 
under the income-tax-credit approach, which although is better for industry, generates 
higher revenue loss to the Treasury. Under current law, this will expire on December 
31st 2010. 
50  Title III — Tax Relief for Agriculture and Small Manufacturers, Section A: The Volumetric Ethanol Excise tax 
Credit, Section 301: Alcohol and Biodiesel Excise Tax Credit and Extension of Alcohol Fuels Income Tax Credit. 
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Figure 37 demonstrates the level of excise exemption for ethanol. 
Source: Jeffrey (2010), statistics compiled from data available on the US RFA and US 
DoE websites. 
Volumetric Biodiescl Excise Tax Credit (VBETC) and the Small Agri-Biodiesel 
Producer Credit 
The VBETC offers a biodiesel producer tax credit. The provision allows a tax credit of 
$1.00 p/gal of biodiesel produced from virgin oils or fats and $0.50 p/gal from 
recovered oils or fats (Koplow, 2006; US RFA, 2008). The Small Agri-Biodiesel 
Producer Credit also provides a $0.10 p/gal credit for the first 15 MGa1 of agri-
biodiesel produced for businesses but is limited to producers with a production capacity 
of less than 60 MGa1 per year. These tax credits for biodiesel production, including 
biodiesel exports, increased from $30 million in fiscal year 2005 to $200 million in 
fiscal year 2008, according to Department of the Treasury estimates. The VBETC is 
scheduled to expire on December 31, 2009. 
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6.2.2 Statutory Measures 
Energy Policy Act of 2005: Renewable Fuel Standard 
The Energy Policy Act of 2005 (EPAct05) (USC, 2005) is a comprehensive energy bill 
passed by US Congress, which provides tax incentives and loan guarantees for energy 
production of various types; for example, $1.3 billion is offered for alternative motor 
vehicles and fuels, such as bioethanol. However, the most notable feature of this act 
comes with the introduction of a nationwide purchase mandate for liquid biofuels, 
known as the Renewable Fuel Standard (RFS1);51 the policy objective of which is to 
ensure that petrol sold in the US contains an applicable volume of renewable fuel on an 
annual basis. The targeted consumption levels rise over time with a long-term policy 
goal to double the use of ethanol and biodiesel by 2012; as illustrated in Table 11. In 
the event that RFS1 cannot be attained, paragraph (2) (B) of EPAct05 states that the 
targets should be replaced with a goal of 2.78% (by volume) of ethanol within the fuel 
mix by 2006 (USC, 2005). 
Table 1 I RFS 1 Provisions under EPAct05 
. 	" Y"e4r ...„... 
Applicable 'Volume of Renewable Fuel (billions of gallons) 
Billion Gallons 	, Million Gallons . % of Petrol Pool 
2006 4.0 4,000 2.78% (by volume) 
2007 4.7 4,700 - 
2008 5.4 5,400 - 
2009 6.1 6,100 - 
2010 6.8 6,800 - 
2011 7.4 7,400 - 
2012 7.5 7,500 - 
Source: USC (2005) 
The US Environmental Protection Agency (EPA) along with the US DoE, the US DA, 
as well as stakeholders, is responsible for the design and implementation of this new 
programme. The law exempts small refineries (defined as facilities where the average 
daily crude oil output does not exceed 75,000 barrels per day) from the RFS1 
programme until 1st January 2011. In addition, EPAct05 authorizes the EPA to waive 
51 Title XV: Ethanol and Motor fuels; Section 1501; Renewable Content of Petrol 
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the renewable fuels mandate for State if they determine that implementing the 
requirements would severely harm the economy or the environment (by encouraging 
biofuels that are proven to have detrimental environmental), or that there is inadequate 
domestic supply. 
Energy Independence and Security Act of 2007: Renewable Fuel Standard (RFS 2) 
In 2007, the Energy Independence and Security Act (EISAct07) was signed into law by 
President G. W. Bush (USC, 2007). The US RFA (2009b) stated that 'the bill seizes on 
the potential that renewable fuels offer to reduce foreign oil dependence and 
greenhouse gas emissions and provide meaningful economic opportunity across this 
country, putting America firmly on a path toward greater energy stability and 
sustainability'. This legislation amends RFS1, implementing a second Renewable Fuel 
Standard (RFS2), which has a greater goal of consuming 36 BGal of renewable fuels by 
2022. Section 202 of EISAct07 introduced the new statutory requirements for 
renewable fuels, going one step further than RFS1 by introducing annual targets for 
individual fuel types - for cellulosic biofuel, biomass-based diesel, and advanced 
biofuel. Like the EPAct05, the regulatory requirements for RFS2 will apply to domestic 
and foreign producers, as well as importers of renewable fuel. The phase-in targets start 
with 9 BGal in 2008 (replacing the target of 5.4 BGal, as laid out in RFS1); as displayed 
in Table 12. The US EPA announced that the 2009 RFS will require most refiners, 
importers and non-oxygenate blenders of petrol to displace 10.21% of their petrol with 
renewable fuels, which is above the blend wall. 

















2008 9.0 9.0 
2009 10.5 0.6 0.5 0.1 11.1 
2010 12 0.95 	. . 0.1 0.65 0.2 12.95 
2011 12.6 1.35 0.25 0.8 0.3 13.95 
2012 13.2 2 0.5 1 0.5 15.2 
2013 13.8 2.75 1 1.75 16.55 
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2014 14.4 3.75 1.75 2 18.15 
2015 15 5.5 3 2.5 20.5 
2016 15 7.25 4.25 3.0 22.25 
2017 15 9 5.5 3.5 24 
2018 15 11 7 4.0 26 
2019 15 13 8.5 4.5 28 
2020 15 15 10.5 4.5 30 
2021 15 18 13.5 4.5 33 
2022 15 21 16 5 36 
Source: USC (2007) 
GHG Emission Reduction Targets under EISA07 
The statutory requirements within EISAct07 include new definitions and criteria for 
renewable fuels and the feedstocks used to produce them, including setting the first 
mandatory GHG emissions reduction thresholds for individual fuel types (see Table 13). 
For each fuel pathway, GHG emissions are evaluated over the full life-cycle and are 
then compared to the life-cycle emissions of a 2005 petroleum baseline. The life-cycle 
GHG emissions thresholds range from a 20% to 60% reduction, depending on the 
renewable fuel category. For this purpose section 201 establishes definitions for the 
RFS: 
Conventional biofuel: ethanol derived from corn starch, which must achieve a 
20% GHG emissions reduction compared to baseline lifecycle GHG 
emissions; 
Advanced biofuel: renewable fuel other than ethanol derived from corn starch, 
which is derived from renewable biomass and achieves a 50% GHG emissions 
reduction requirement. The definition and the schedule of advanced biofuels 
include cellulosic biofuels and biomass-based diesel. Cellulosic biofuels that 
do not meet the 60% threshold, but do meet the 50% threshold, may qualify as 
an advanced biofuel); and 
Cellulosic biofuel: renewable fuel derived from any cellulose, hemicellulose, 
or lignin, which is derived from renewable biomass, and achieves a 60% GHG 
emission reduction requirement. 
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Table 13: GHG Emissions under EISAct07 
. 
Dfecycle 01-10 Thresholds Specified in E1SA07 (% 
reduction from 2005 baseline) 
Conventional Biofuel 20% 
Advanced Biofuel 50% 
Biomass-based Diesel 50% 
Cellulosic Biofuel 60% 
Source: USC (2007) 
6.2.3 Other Measures 
Small Ethanol Producer Tax Credit 
The US Government offers a small producer tax credit to stimulate production and 
assist smaller companies, where the higher production costs limit their ability to 
compete in the market. Ethanol plants producing less than 60 MGa1 per year are 
eligible for a $0.10 p/gal tax credit for the first 15 MGa1 they produce. This equates to a 
maximum $1,500,000 federal income tax credit annually for producers of at least 
15,000,000 Gal and caps the credit at $1.5 million per plant. Prior to the EPAct05, the 
production cut-off was 30 MGa1; however, less than 40% of the plants then producing 
were able to qualify based on size. The US RFA (2009a) thinks that the small producer 
tax credit provides a much-needed economic boost to the nation's rural economy and in 
2006, when new limits took hold, the share of ethanol plants qualifying jumped to 
nearly 85%. This has been declining however, as newer plants entering the market tend 
to be larger than 60 MGa1 per year. This tax credit is scheduled to expire on December 
31, 2010 (GAO, 2009). 
Refuelling Infrastructure Grants 
The availability of higher blends of ethanol such as E85 is limited in the US, as the cost 
of installing the necessary infrastructure is high. The Government therefore offers 
financial incentives to help defray some of these costs. For example, EPAct05 offers an 
incentive which provides a tax credit equal to 30% of the cost of alternative refuelling 
property, as well as up to $30,000 for a business property for installing tanks and 
equipment for E85. This also includes biodiesel blends of B20 or higher. The US 
Treasury estimated the total value of this subsidy at $580 million over six years, or 
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roughly $82 million per year (although this support goes to all alternative fuels, not just 
ethanol and biodiesel) whereas Koplow (2006) estimates that annual subsidies to 
ethanol distribution and disbursement are in the order of $10-14 million and to biodiesel 
$6-8 million (Koplow, 2006). Subsequently, the EISAct07 authorised a $200 million 
grant programme for the installation of refuelling infrastructure for E85 (Section 244). 
Ethanol Import Tariff 
The Government imposes two duties on ethanol imports to support the domestic ethanol 
industry: since 1980, this has been a 2.5% ad valorem52 tariff (which is lower than any 
other country in the world implementing this policy), plus an additional 'other duty' of 
$0.54 p/gal. According to data from the US International Trade Commission (ITC), the 
combined duties have amounted to about a 30% tariff on ethanol imports, compared to 
the practically zero import duty applied to fossil fuels. The secondary duty was created 
to offset the value of the ethanol tax credit taken by the petroleum industry when 
ethanol, both domestic and imported, is blended with petrol. As indicated by the history 
of ethanol imports into the US, the secondary tariff is not a barrier to market entry. 
However, according to the GAO (2009), the tariff on imported ethanol gives the 
domestic industry a price advantage relative to imports. The US has provided an 
exception to the tariff for Caribbean Basin Initiative countries which can export ethanol 
duty free to the US if at least 50% of the feedstock is grown in member countries. 
Alternatively, Caribbean Basin Initiative countries can export volumes of up to 7% of 
US ethanol consumption duty free if more than 50% of the feedstock comes from non-
member countries. The GAO (2009) reported that Brazilian and European ethanol 
imports often come through Caribbean Basin Initiative countries. 
6.2.4 Promoting Second Generation Biofuels and R&D 
Recognising the need for more sustainable feedstocks the Government offers support 
towards SG fuels; for example, EPAct05 includes a Cellulosic Biomass Programme, 
within which one of the key features is a credit-trading program where 1 Gal of 
cellulosic biomass ethanol or waste-derived ethanol is equal to 2.5 Gal of fuel. 
Additionally, $250 million worth of loans are offered for production facilities, as well as 
52  A type of tax calculated as a percentage of the value of an asset, in this case, as a percentage of the value of 
bioethanol. 
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a $650 million Grant Program for cellulosic ethanol. EPAct05 also established the 
Sugar-to-Ethanol Programme, which creates a $36 million programme to convert sugar 
cane to ethanol in Hawaii, Florida, Louisiana and Texas, as well as offering $250 
million loan guarantee programme for sugar to ethanol facilities. Subsequently, 
EISAct07 authorises grants of $500 million annually for the production of advanced 
biofuels that have at least an 80% reduction in life-cycle GHG emissions relative to 
current fuels, as well as authorising $25 million annually for R&D and commercial 
application of biofuels production in states with low rates of ethanol and cellulosic 
ethanol production. 
The Government recognises the need for further research into advanced biofuels. 
EISAct07 directs the Secretary of Energy, in consultation with the Secretary of 
Transportation, to conduct studies on the feasibility of constructing dedicated ethanol 
pipelines, optimizing flexible fuel vehicles (FFVs) to run on E85, as well as on the 
adequacy of railroad transportation of domestically produced renewable fuel. Section 
204 of EISAct07 also requires the EPA to report on the impacts of the RFS2 programme 
on environmental issues, resource conservation issues, the growth and use of cultivated, 
invasive and noxious plants and their impact on the environment and agriculture. 
Section 203 further directs the National Academy of Sciences to study the impact of the 
RFS2 programme on each industry related to the production of feed grains, livestock, 
food, forest products and energy. From such evidence, it is clear that the Government 
recognises the importance of the future generation of fuels and that federal support is 
needed in order to bring these to market, as well as improve the current system. 
6.2.5 Policy Effectiveness: how have policies implemented affected market 
development? 
In the context of this research it is important to examine the effect that the 
implementation of the tax credits, the mandate and other policy mechanisms have had 
on the market penetration of biofuels in the US. Figures 38 and 39 illustrate the market 
development of ethanol and biodiesel in the US versus the timing of implementation of 
the major policy mechanisms discussed herein. 
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Figure 38: Ethanol Production and Consumption vs. Timing of Policy Implementation, 1978 — 2009 
Source: Jeffrey (2010), statistics compiled from EIA (2009a) 








































Figure 39: Biodiesel. Production and Consumption vs. Timing of Policy Implementation, 1999 - 2008 
U Production El Consumption 
1999 	2000 	2001 	2002 	2003 	2004 	2005 	2006 	2007 	2008 
Sourc.c: Jeffrey (2010), statistics compiled from EIA (2009a) 
Nb: Consumption data not available for 1999-2000; production and consumption level data not available for 200 
Federal Tax Incentives: Excise Duty Reduction: 1978 — 2004 
The federal tax incentive of $0.40 p/gal introduced in 1978 effectively kick started the 
ethanol industry in the US (EIA, 2008; Kojima & Johnson, 2006; Pohit et al., 2009). 
Following implementation of this mechanism, the marketing of commercial alcohol-
blended fuels began by Amoco Oil Company, followed by Ashland, Chevron, Beacon, 
and Texaco. In that year, 10 MGa1 of ethanol was produced, increasing to 40 MGa1 in 
1979.53 Between 1980 to 1984, a US survey of ethanol facilities found that there were 
ten production plants with capabilities of producing 50 MGal of ethanol per year, which 
was recognised as too small to maintain growing demand. Congress therefore enacted 
tax benefits such as insured loans for small ethanol producers (< 1 MGa1 per year) of up 
to $1 million in loan guarantees for each project, which could cover up to 90% of 
construction costs on an ethanol plant through the Energy Security Act of 1980. 
Congress also placed an import tariff on foreign-produced ethanol and in 1983, the 
ethanol subsidy was increased. The result of these political actions was that by 1984 
there were 163 ethanol production facilities and ethanol production had increased from 
40 MGal in 1979 to 510 MGa1 in 1984, a staggering increase of 1175% in five years. In 
1985, the ethanol industry encountered problems (as discussed above) and many ethanol 
producers went out of business, despite subsidies, albeit reduced ones being offered. By 
the end of 1985, only 74 production facilities remained operating (EIA, 2008). Ethanol 
production recovered however and in 1992, ethanol production (and consumption) 
reached 985 MGa1 per year, representing a 2362% increase since in the first sixteen 
years of industry. 
The Energy Policy Act of 1992 provided for two additional petrol blends (7.7% and 
5.7% ethanol) and defined ethanol blends with 85% ethanol as alternative transportation 
fuels. It also required specified car fleets to begin purchasing alternative fuel vehicles, 
such as vehicles capable of operating on E85 and provided tax deductions for 
purchasing these, as well as for installing equipment to dispense alternative fuels 
(Koplow, 2006; EIA, 2008). However, following a poor corn crop and the doubling of 
corn prices in the mid-1990s, a reduction in both production and consumption can be 
observed, from 1358 MGal to 973 MGa1 production, and 992 MGa1 consumption in 
1996. In 1997, US auto manufacturers began mass production of FFVs capable of 
53  The author was unable to find consumption statistics for 1978-1980, nor production for 1980 due to incomplete 
records. 
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operating on E85. In 2001, the ethanol subsidy was reduced to $00.53 p/gal. This had 
little effect on the ethanol industry, which continued to flourish and US automakers 
continued to produce large numbers of E85 capable vehicles to meet federal regulations. 
Over 3 million FFVs were in use at the time, although with only 169 stations in the US 
selling E85, it was reported that most E85 capable vehicles were still operating on 
petrol. 
VEETC and VBETC 
Following implementation of the VEETC in 2004, production of ethanol grew by 15%, 
from 3404 MGal in 2004 to 3904 MGa1 in 2005; a similar growth rate can be observed 
in consumption, which grew by 14%, from 3552 MGal in 2004 to 4059 MGal in 2005. 
The VEETC was significant in helping to create a profitable ethanol industry when the 
industry had to fund investment in new facilities. However, it is now less important for 
sustaining the industry because most of the capital investment has been made and 
ethanol production has the potential to be profitable, as long as the revenue that 
producers receive is sufficient to cover operating costs and depreciation. 
Following implementation of a tax incentive for biodiesel in 2004, production and 
consumption grew by a staggering 225%, from 28 MGa1 production in 2004 (27 MGa1 
consumption) to 91 MGa1 in 2005. Although on a much smaller scale in terms of 
amount, this growth rate greatly overshadows the 15% growth rate observed in the 
ethanol industry and clearly demonstrates the effectiveness of policy implementation 
with regards to biodiesel. However, in addition to policy for domestic production and 
consumption, a loophole in the American tax system has significantly increased 
demand. Although in October 2008, Congress closed the so-called 'splash and dash' 
loophole for biodiesel that allowed biodiesel to be imported into the US, blended with 
small amounts of diesel to claim the Biodiesel Tax Credit, and then exported for final 
use to a third country (often the EU), which provides tax credits for biodiesel 
consumption. In June 2008, the EC initiated an antidumping investigation and, in 
March 2009, imposed provisional anti-dumping and anti-subsidy duties on US biodiesel 
imports (GAO, 2009). The effect that this will have on the US biodiesel market remains 
to be seen, as insufficient time has passed to produce measurable results. 
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Subsidy Cost 
According to Koplow (2007), the role that subsidies have played in the growth of 
biofuels market penetration has continued to be central; however, warning signs are 
becoming more evident as sustaining this policy puts significant burden on the federal 
budget. The VEETC and VBETC remain the largest subsidies to encourage renewable 
fuels in the US and the cost of this cannot be ignored. The GSI (Koplow, 2006) stated 
that the subsidy cost is currently escalating at a rapid pace, mirroring the rapid increase 
in ethanol fuel usage and according to Neeft et al. (2007), the total financial 
commitment offered from the US Government for biofuels dwarfs investment made in 
other countries. In 2005, the Joint Committee on Taxation (JCT) estimated that losses 
from the VEETC would average $1,440 million per year for the 2005-2009 period; 
their estimate a year later was up more than 50%, averaging $2,220 million per year for 
the 2006-2010 period, likely reflecting the rapid growth in consumption of the fuel. 
The US Treasury, which also estimates tax expenditures, predicted a higher value than 
the JCT: an average of $2,650 million a year over the 2005-2011 period. Yet demand 
outstripped Government estimates with the GAO (2006) and Neeft et al. (2007) report 
that by 2006, total cumulative US funding through national or state programmes 
applicable to bioethanol had exceeded $2.5 billion for the VEETC. The RFS2 
requirements of 9 BGa1 ethanol consumption by 2008, and 15 BGaI by 2015, resulting 
in a cost to the treasury of $4 billion and to $6.75 billion, respectively. 
Regarding the cost of the VBETC, like ethanol, there are no caps or linkages to oil and 
consequently the subsidy cost has risen linearly with domestic consumption (Koplow, 
2007). The revenue loss estimates from federal sources range from $40 million per year 
(Treasury) to $50 million per year (JCT); however the GSI (Koplow, 2006), who 
estimated the subsidy cost by using production data, said the tax credits would amount 
to $1,440 million per year in revenue losses. Although the VEETC and VBETC are set 
to finish in December 2010, the overall cost to the federal budget will have been 
enormous; therefore although it would appear from the UK and US cases that this is a 
necessary policy choice in the early days of the industry, realistically it is not a policy 
choice that can be sustained in the long term due to economic viability. 
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Statutory Measures 
As with the obligation system in the UK, the implementation of RFS1 offered greater 
certainty and reliability to the ethanol market and the response was a surge in 
production. Based on data compiled by the US RFA and the EIA, following 
implementation of EPAct05, the ethanol industry added 1.1 BGal of additional capacity 
in 2006 and nearly 700 MGa1 more through July 2007. During these two years, ethanol 
production grew by 66%, from 3,904 MGa1 in 2005 to 6,500 MGa1 in 2007. In the 
same period, ethanol consumption increased by 70%, from 4059 MGa1 in 2005 to 6886 
MGaI in 2007. With regards to biodiesel, production increased by 438%, from 91 BGa1 
in 2005 to 490 MGa1 in 2007; however, consumption only increased by 293%, as most 
of the biodiesel produced in the US has been intended for exports (see further 
discussions below). Whereas the author would think that this is due to the VBETC and 
the RFS1, Carriquiry (2007) says that the impetus behind this continued investment 
remains a mystery, as capacity utilization in the US plants appears to be quite low. 
Carriquiry (2007) further estimates that US plants are currently operating at only 43-
57% of capacity and that this level is likely to fall even further as new plants come on-
line. By comparison, European plants operate at roughly 80% capacity. 
Following the implementation of RFS2, bioethanol production grew by 42%, from 6521 
MGa1 in 2007 to 9237 MGaI in 2008. Although the (percentage) increase in production 
is greater following the implementation of RFS1, it is early days for the second RFS and 
by no means an indication that the growth rate will slow; indeed, if targets of this 
mechanism are achieved, renewable fuel consumption will reach 36 BGa1 in 2022. 
Regarding production capacity, statistics in the Ethanol Industry Outlook (US RFA, 
2010a) illustrate that the industry is currently operating at 91%, further stating that the 
growth necessary to meet the rising demand created by the RFS2 will add an additional 
16 biorefineries, adding 1.4 BGal of new capacity; and each of these facilities will use 
the most advanced technologies to produce ethanol. 
From the evidence presented above it is apparent that since 2004, the growth of 
biodiesel and bioethanol market penetration has been rapid. According to the EIA 
(2007) and Koplow (2007), it is the financial support offered by the Government is the 
reason behind this and has reduced long-term risk for biofuels investments. The US 
RFA (2010a: p16) asserts that the RFS is the single largest driver of ethanol demand, 
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stating that 'its goals of reduced oil consumption, economic opportunity, and 
environmental stewardship all hinge upon the successful implementation and execution 
of this forward-looking policy'. 
Other Measures 
According to Koplow (2007), the Small Producer Tax Credit influenced plant sizing in 
the early days of the ethanol industry, however, most new ethanol facilities seem to be 
above the cut-off. The effects may therefore be more relevant for biodiesel producers, 
where plant sizes tend to be smaller. However, as with the previously discussed 
incentives, the cost of this subsidy cannot be ignored. The GSI (Koplow, 2007) 
reported that the industry-wide, maximum, small-producer tax credits are estimated to 
be as high as $110 million per year but would probably rise to $190 million per year by 
2008. Subsequent to the implementation of refuelling and infrastructure grants, the US 
RFA (2009a) reported that there are now roughly 1,900 petrol stations across the 
country offering E85, presenting evidence that this policy mechanism can be successful. 
However, if higher blends of ethanol are to enter the market more infrastructure 
investments are needed. 
In order to achieve the goals of RFS2, significant funding is provided by the 
Government for research, development, and commercialization of cellulosic ethanol 
technology. For example, Federal agencies obligated $505.5 million for biofuels R&D 
in 2008, including $463.2 million from the US DoE for cellulosic ethanol R&D. As a 
result of this, no fewer than 28 advanced biofuel companies are currently developing the 
much-needed technologies that will greatly expand ethanol production to meet future 
energy demand and the requirements of the RFS2. When realized, many of these 
cellulosic and advanced biofuels technologies hold the promise to reduce GHG 
emissions by nearly 100% compared to petrol, provide tens of billions of gallons of 
additional supply, and employ tens of thousands of Americans in fields such as 
chemistry, engineering, and business management (US RFA, 2010a). This is an 
important part of the policy process. 
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SECTION ONE (B): IMPLEMENTATION 
6.3 POLICY IMPLEMENTATION 
Policy implementation for the purpose of this chapter refers to the consumption of 
ethanol and biodiesel in the US, in accordance with bioenergy targets set under RFS1. 
As with the UK example, consumption levels are taken as an expression of practical 
compliance with the Federal obligation. Figure 40 illustrates the consumption of 
biofuels, as compared to the national biofuels targets of RFS1. A national target for 
biofuels was only set in the US in 2005, for the year 2006 onwards. Data relating to 
implementation are therefore only available for three years, 2006 to 2008, as compared 
to the six years of evidence data that are available for the UK; however, a general trend 
can still be observed. The statistics represented in Figure 40 demonstrate that the 
national consumption of biofuels in the US is higher than the targets set for the years 
2006 to 2008. The US RFA (2009a: p4) summarises: 'America's ethanol producers 
have answered the challenge put forth in the Renewable Fuel Standard and are 
producing enough domestic ethanol to fill the requirement'. 
Figure 40: Biofuels Consumed vs. RFS Target I 





In addition to the BGa1 per year target, the EPAct05 included a percentage target of total 
road fuel sales of 2.78% (by volume), for the year 2006. Figure 41 illustrates the 
percentage of biofuels used within all road fuels for the years 2000 to 2005, as 
compared to the 2006 target established in EPAct05. The EIA (2007) reported that in 
the year 2005, biofuels contributed 2.9% of total road fuel sales — the target was 
therefore achieved a year before it was due. Consequently, in terms of the classification 
used herein, the US is given an effective implementation status. 
Figure 41: Biofuels as a Percentage of Road Fuel Sales vs. RFS (1) 
-41,— Percentage of Gasoline Pool 	--fr—RFS 1 
RFS1 
2000 	2001 	2002 	2003 	2004 	2005 	2006 
Source: Jeffrey (2010), statistics compiled from EIA (2009a) and US DoE data website 
Statistics relating to consumption provide evidence that domestic policies have helped 
move America away from its reliance upon oil and achieve a domestic ethanol industry. 
However, further success will not be achieved if the marketplace is closed to expanding 
advanced ethanol use. RFS2 includes targets for various types of advanced biofuels that 
are not yet commercially available; therefore many regulatory and technical hurdles 
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SEcnoN Two: BIOEUELS DISTRIBUTION, BLENDS, FEEDSTOCK AND TRADE 
6.4 	BIOFUELS DISTRIBUTION AND BLENDS 
6.4.1 How have policies implemented affected which types of fuels are consumed? 
Figure 42 illustrates the proportion of biofuels used in the US between the years 2001 to 
2008. The US has promoted renewable fuels as an alternative to petroleum since the 
1970s; however, policy mechanisms until 2004 were solely aimed at the promotion of 
ethanol and no biodiesel was consumed in the US prior to 2001. Therefore, despite the 
fact that ethanol has been used since 1978, these years were chosen as representative of 
the disproportionate nature of domestic ethanol to biodiesel usage. As stated, for a 
number of reasons including policy, bioethanol has consistently been the dominant 
biofuel used in the US and in 2008, ethanol accounted for 97% of biofuels consumed 
domestically, with biodiesel accounting for 3%. However, with a twenty-year lead on 
biodiesel, it can be expected that ethanol would dominate the market. 
Figure 42: Consumption of Ethanol vs. Consumption of Biodiesel, 2001 - 2008 
Source: Jeffrey (2010), statistics compiled from the EIA (2009a) 
9 
Blends 
The US uses higher blends of ethanol within their fuel mix than the UK, a situation 
which is helped significantly by the fact that all cars and light trucks built for the US 
market since the late 1970s can run on El O. Although E 10 is only mandatory in ten 
states, ethanol blends are available in nearly every other state as optional or added as 
lower percentages without any labelling, making ethanol blends present in two-thirds of 
the US petrol supply. More than 2,300 fuel stations across the country offer a blend of 
ethanol greater than 10%, with nearly all of them offering E85 (US RFA, 2010a). 
However, as discussed previously, the ethanol industry is fast-approaching the 'blend 
wall', which is causing a barrier to increasing the percentage of ethanol within petrol -
vehicle manufacturers have generally designed vehicles to operate primarily on petrol 
therefore most warranties allow the company to void the warranty if the owner uses fuel 
blends higher than El 0 (GAO, 2009). This situation may change however as the EPA 
has suggested that it might be ready to rule on the industry's request to increase the 
ethanol content allowed in petrol from 10% to 15% by mid 2010. 
Few modifications are required to the existing storage and distribution infrastructure in 
the US, in order to handle biodiesel or biodiesel blends, as they are with bioethanol; 
therefore blends of B2, B5 and B20 can generally be used in any unmodified diesel 
engine within the country. As a consequence, it is available in over 50 states. B100 can 
also be used within vehicles engines in the US but may require certain engine 
modifications. The main barrier to increasing the availability of biodiesel blends is the 
cost associated with segregating the fuel and adding new pumps (Koplow, 2006). 
Flex-Fuel Vehicles (FFVs) 
FFVs are designed to run on more than one fuel type, usually a blend of petrol and 
ethanol, ranging from lower level blends, up to E85, as well as pure petrol; and are fully 
warranted for this purpose. Government policies have given preference to FFVs for a 
number of years; for example, the 1988 Alternative Motor Fuels Act (AMFA) offered 
tax credits to encourage market penetration of FFVs. Subsequently, more than five 
million FFVs were produced for the US market between 1992 to 2005, and by mid-2008 
there were approximately seven million E85-compatible vehicles on the road. 
However, earning credits under the AMFA was not contingent upon any particular 
efficiency of operation for the vehicles, or even whether alternative fuels were actually 
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used; therefore there may well be FFVs on the market but which might not be using the 
higher blends of ethanol (Koplow, 2006). In fact, a 2005 survey found that 68% of 
American FFV-owners were not actually aware they owned an E85 flex (Goettemoeller 
& Goettemoeller, 2007). However, in 2005, recognising the importance of FFVs within 
a policy framework for biofuels, the US Congress (Section 772 of EPAct05) extended 
the credits for FFVs through to 2010 and authorized the National Highway Transport 
Safety Administration to consider extending the incentives through to 2014. 
However, sales of higher blends of ethanol, such as E85, are held back by the limited 
infrastructure available to distribute this and fuelling stations which sell this to the 
public, as stations are clustered mostly in the mid-western States (EIA, 2007). By 2008, 
there were only 1,802 petrol filling stations in the entire US selling E85 to the public 
and seven states do not have any E85 fuel available at all. However, Chrysler, General 
Motors, and Ford have pledged to manufacture 50% of their entire vehicle line as flex-
fuel in 2012, if enough fuelling infrastructure develops. President Obama pledged to 
reduce oil consumption by measures including a mandate that all new vehicles have 
FFV-capability by the end of 2013 (ObamaBiden, 2010). 
6.5 	BIORJELS FEEDSTOCKS 
6.5.1 How have policies implemented effected which feedstocks are used to fulfil 
policy targets? 
Whereas the UK records the various feedstock types used under the RTFO, the US has 
no such recording mechanism in place. The author is reliant upon academic and USDA 
literature sources for statistics relating to which feedstock types are being utilised for 
biofuels. 
Ethanol 
Ethanol can be produced from any feedstock containing plentiful natural sugars or 
starch which can be converted to sugars; however, domestic policies in the US have 
encouraged corn as the dominant feedstock, which is produced mainly in the mid-west 
region. Corn is currently the source for 90 to 95% of all the ethanol produced 
domestically, with the remainder made up of sorghum, barley, wheat, cheese whey and 
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potatoes; see Table 14, which shows feedstock distribution in 2006 (Koplow, 2007; 
EIA, 2007: Neeft et al. 2007; Pohit et al. 2009). This situation is encouraged by the fact 
that almost all new ethanol facilities which have come online over the last few years are 
reliant upon corn as the primary feedstock, with the average size of these facilities 
continuing to grow, from an average of 32 MGal per year in 1999 to almost 52 MGal in 
2007 (Koplow, 2007; EIA, 2007). 
Table 14: US Feedstocks Relative to Production of Biofuels, 2006 
FEEDSTOCK US PRODUCTION 2006 
Ethanol. 
Corn 4.9 BGa1 
Sorghum < 100 MGa1 
Cane Sugar 
No Production (600 MGa1 imported from 
Brazil and Caribbean countries). 
Cellulose 
No Production (one demonstration plant in 
Canada). 
Biodiesel 
Soybean oil ca. 90 MGa1 
Other vegetable oils < 10 MGa1 
Recycled vegetable 
oils 
< 10 MGal 
Cellulosic No production 
Source: NAS (2008) 
Profitability in the ethanol industry depends heavily on the cost of feedstocks, a factor 
which can be considered a barrier to market penetration. For example, corn feedstock 
made up nearly 57% of the total production costs in 2002 and thus fluctuations in the 
price of this feedstock can have dramatic effects on the production costs; industry 
assumes considerable market risk by relying on one dominant feedstock (EIA 2007). 
However, market projections by both the US EIA and the Food and Agricultural Policy 
Research Institute suggest that ethanol production will continue to grow at a faster rate 
than the current targets specified in the federal mandate under RFS; furthermore, that 
non-corn feedstocks, i.e. cellulose, will remain insignificant for many years to come. 
This indicates a shift in policy is necessary to encourage other (and more 
environmentally sound) feedstocks. 
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Biodiesel 
Feedstocks used for the production of biodiesel in the US differ from that used in other 
regions; for example, whereas the main feedstock used for biofuels production in 
Europe is rapeseed, the US relies mostly on soybeans. Other minor feedstocks, such as 
other plant oils, animal fats and recycled cooking oils only contribute minor amounts 
(GAO, 2009). In 2005, Koplow (2006) reported that soybeans provided between 75% 
to 90% of the feedstock used to produce roughly 75 MGa1 of biodiesel; however, in 
2008, the National Biodiesel Board reported that soybean oil had reduced to about 65% 
of the feedstock; see Table 14. According to the EIA (2007), there are no significant 
differences in processing for the numerous biodiesel feedstocks and they cannot easily 
be grouped into FG and SG categories. The major differences amongst biodiesel 
feedstocks are regional availability, co-product value and the composition of fatty acids 
in the refined vegetable oil. The reason for the dominance of soybean oil throughout the 
biodiesel industry is therefore a consequence of policy, such as the VBETC. This has 
also historically been a surplus product of the oil-meal crushing industry and has thus 
been available in large quantities at relatively low prices. 
The costs associated with production of biodiesel are even higher with soybean oil as a 
feedstock than they are for corn in the ethanol industry, as soybean oil makes up 70% to 
78% of the total production charge. The reliance of the biodiesel industry upon just one 
dominant feedstock is therefore problematic, as industry assumes considerable market 
risk with fluctuations in price (EIA, 2007). The industry could become further 
constrained by feedstock choice as more farmers are diverting soy acres into corn 
(discussed further in the sustainability section, below). It does not seem logical policy 
to encourage one feedstock source over another. Again, the evidence indicates that a 
shift in policy is necessary. 
6.6 	BIOFUELS TRADE 
6.6.1 Imports vs. Domestic: how have policies implemented affected biofuels trade? 
B i °ethanol 
The US has a strong history of domestic ethanol production and consumption; however 
over the last fifteen years domestic supply limitations and increasing demand for this 
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fuel have resulted in a situation whereby the US can no longer domestically support its 
fuel needs. The US has turned to imports of ethanol from other countries as a result. 
As Figure 43 demonstrates, the amount of imports increased significantly following 
implementation of the VEETC in 2004, from 12 MGa1 in 2003 to 149 MGa1 in 2004 —
an increase of 1142%. Following the establishment of the federal mandate, imports 
have continued to increase, peaking at 731 MGa1 in 2006. Although imports decreased 
in 2007 and 2008, they are still significantly higher than prior to the implementation of 
the VEETC, RFS1 and RFS2. Such evidence indicates that policy is implemented by 
the Government without consideration of domestic supply constraints, which results in 
the need for imports from abroad, the origin and sustainability of which cannot be 
assured. Such evidence indicates that a policy change is necessary.54 
Figure 43: Bioethanol Imports, 1993 — 2008 
Source: Jeffrey (2010), statistics compiled from EIA (2009a) 
Biodiesel 
Figure 44 illustrates the trade situation with regards to biodiesel in the US The statistics 
indicate that between the years 2001 to 2006, imports and exports were almost equal; 
however, in 2007-2008, the US became a major net exporter of biodiesel fuel. In the 
same period, production far outweighs consumption and is almost double in 2008; 
54 The US does not export any ethanol at present. 
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indeed, the evidence for 2008 indicates that the US imports biodiesel in an amount 
almost equal to what it consumes, but it also exports equal to the amount it produces: 
with a net export amount equal to 362 MGa1. Hess et al. (2009) reported that this is the 
result of the VBETC which caused a surge in biodiesel production capacity, as well as 
increased demand for biodiesel from regions such as the EU. Thus US tax incentives 
have favoured domestic production for exports but still imports for domestic 
consumption. Although this may be economically sound, i.e. the most profitable, this is 
not the most environmentally sound, as there is currently no standard to guarantee the 
sustainability of imports. 
Figure 44: Biodiesel Production, Consumption and Trade, 2001 - 2008 
Source: Jeffrey (2010), statistics compiled from EIA (2009a) and Hess et al. (2009) 
NB: highlighted yellow squares mark net exports 
6.7 	COUNTRY OF ORIGIN 
Figure 45 illustrates the country from which US bioethanol imports are sourced, for the 
years 2002-2007. It is evident from these statistics that Brazil is the dominant supplier, 
accounting for 72% in 2006, although declining to 44% in 2007. It is expected that this 
situation will remain and Brazil will export to the US for the years ahead. However, as 
a percentage of the fuel mix, imports only accounted for 13% of all ethanol consumed in 
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2006 and 6% in 2007; therefore the contribution of imports to the overall fuel mix is 
still minimal. 
Figure 45: Ethanol Imports by Country of Origin, 2002 — 2007 
Source: Jeffrey (2010), statistics compiled from US RFA (2010b) 
One of the justifications for subsidies for ethanol, as well as the domestic mandate, is 
the improvement of economic rural development. The statistics illustrated herein and 
work by Feng et al. (2008) provide evidence to the fact that policies implemented for 
bioethanol have achieved their primary implied objective and have created a successful 
domestic market. However, another justification for biofuels policies and subsidies in 
the US is energy security and in 2004, the US has once again found itself heavily reliant 
upon imports for 13% of its ethanol fuel market, a trend which has been rising since the 
implementation of policy in recent years. To sustain its domestic demand for ethanol, 
the federal mandate requires an amount of ethanol greater than can be produced 
domestically. Thus, it would appear that policies to support an increase in domestic 
production facilities to fulfil policy targets are not occurring parallel to the mandate 
level. Moreover, security of supply is harder when only importing from one country (in 
this case Brazil); importing equally from all countries would give more security. 
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The author was unable to obtain statistics relating to specific amounts of imports or 
exports by country of origin; however, Figures 46 and 47 display the two main regions 
from which imports into the US were sourced and exports from the US were destined. 
The evidence shows that most biodiesel imports into the US are sourced from Asia, a 
trend which has continued over the last six years and in 2008, 41% of exports leaving 
Asia were utilised in the US. Concerning the export from the US, there is evidence of 
increasing shipments of biodiesel to Europe; indeed, 95% of biodiesel imports into the 
EU in 2008 were sourced from the US. 
Figure 46: Biodiesel Imports by Region, 2003 - 2008 
Source: Hess et al. (2009) 
Nb: Through 1999-2002, data is not available. 
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Figure 47: Biodiesel Exports by Region, 2003 - 2008 
Source: Hess et al. (2009) 
Nb: Through 1999-2002, data is not available. 
Policies implemented for biodiesel have thus resulted in a significant economic boost to 
the rural economy through the production of biodiesel for domestic consumption, as 
well as for export. The US is therefore a major player in biodiesel world trade, 
something which is most likely encouraged by the demand for biofuels in the EU. 
However, current export levels may be temporary as the EU contests the 'dumping' 
practice of US biodiesel on EU markets. In 2009, it was reported that the EC had 
imposed provisional anti-dumping and anti-subsidy duties on US biodiesel imports, 
which is expected to significantly reduce the amount of exports to the EU (GAO, 2009: 
Hess et al., 2009). It remains to be seen the effect that this will have on future policy 
design and market growth. 
SEC' 1 ION THREE: SUS 1 AlNABILITY  
6.8 	SUSTAINABIL ITY ANALYSIS 
The US does not record information pertaining to GHG emissions and land-use in the 
manner of the UK RTFO; information for this section is sourced from academic 
literature and US Government reports. As it is not the intention of the author to offer a 
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complete sustainability analysis of the feedstocks and fuels used in the US but rather to 
offer an illustrative example of the `sustainability' of the key policy mechanisms 
implemented by the fuels they encourage, the analysis will centre upon the dominant 
feedstock used in the US for the production of ethanol — in this case, corn. 
Sustainability Indicator One (SI I): GHG Emissions Reduction 
The biofuels feedstock achieves > 40% GHG 
St I 	emissions reduction (as compared to fossil fuel 
counterpart) 
Nearly 85% of total GHGs emitted from the US are CO2, the largest source of which 
results from fossil fuel combustion. Biofuels are being utilised for their ability to 
reduce this significant release of CO2 into the atmosphere. It is therefore imperative 
that the biofuels feedstock being consumed as a result of the policy be examined on this 
basis, a point underscored by the fact that the EISAct07 requires carbon reduction 
thresholds be met before biofuels can be counted as contributing towards the federal 
mandate. The US RFA (2009c) states that `biofuels like ethanol are one of the best 
tools available today for combating the effects of GHG emissions on the global 
climate'; however in contrast, various academics and researchers have questioned the 
extent to which corn ethanol actually reduces life-cycle GHG emissions, if it does at all 
(GAO, 2009). 
Theoretical GHG Emission Savings 
The EISAct07 established mandatory GHG emission reduction thresholds for the 
various categories of fuels defined, although as far as the author can gather, information 
in this regard is not yet recorded or publicly available. However, by examining the 
target thresholds specified it is possible to obtain a theoretical indication of the level of 
GHG emissions the US expects to save through federal regulation. Table 15 displays 
the provisions laid out in RFS2 for 2009 and 2010, including the GHG emission 
thresholds associated with each category of fuel. If one calculates the expected amount 
of each fuel used in the year with the GHG emissions saving associated with it, then for 
2009, there should be a theoretical GHG emissions saving of 22.7%. Using the same 
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methodology for 2010 offers a theoretical GHG emission saving of 23.8%. Both of 
these results are well below the > 40% target as laid out in SI I. 

















Saving , 	• 	,
GHG 
Saving 
> 60% > 50% > 50% > 20% 
2009 n/a 0.5 0.6 10 11.1 22.97% 
2010 0.1 0.65 0.95 11.25 12.95 23.82% 
Academic GHG Emission Saving 
Various academic and governmental institutions have researched the GHG emissions 
savings associated with corn ethanol, which has been the focus of heated debate due to 
several studies finding seemingly opposite results (Ruben et al., 2008). Initially most 
studies found that corn ethanol reduced GHG emissions; however, academic research 
since around 2007 has started to highlight that this may not be the case once indirect 
effects, such as land-use change are taken into account (see Searchinger, 2008; 
Cherubini et al., 2009; and Kendall and Chang, 2009). Figure 48 illustrates the results 
of many of these studies. For example, Wang et al. (2007) examined nine corn ethanol 
plant types, which they categorized according to process fuels, such as natural gas or 
heat and power and the production process. The results of this study showed that corn 
ethanol plant types have distinctly different GHG emission effects on a full fuel-cycle 
basis; with ranges from -52% if biomass wood chips are used as the process fuel to +3% 
with coal. The same study concluded that using current FG technologies in the US 
results in a 19% GHG emissions saving. Subsequently, the US RFA (2009d) reported 
that corn ethanol offers a potential GHG emissions saving of between 20 to 40%; 
however, further stating that under current technologies a saving of 29% is likely. Both 
of these studies indicate savings below the > 40% target of SI I. 
However, there is no indication as to whether or not these studies take into account 
GHG emissions associated with land-use change (GAO, 2009). Much controversy has 
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that GHG emissions reductions are either minimal or non-existent once land-use effects 
are accounted for and that the use of ethanol actually produces more GHG emissions 
than using petrol, as discussed is previous chapters. The Gallagher Review (UK RFA, 
2009) stated that GHG emission savings with corn ethanol can be anywhere from -35% 
to +30%. The results from Searchinger et al. (2008) are even more dramatic; using a 
worldwide agricultural model they found that corn-based ethanol, instead of producing 
a 20% GHG emission saving, nearly doubled GHG emissions over a thirty-year period, 
with subsequent increases in GHGs for 167 years; or rather, that corn ethanol resulted in 
a 93% increase in GHG emissions relative to petrol once land-use changes had been 
accounted for. 
Figure 48: Well-to-Wheel GHG Emission Reductions Assigned to Corn Ethanol, by 
Literature Source 
The EISAct07 requires the EPA to determine life-cycle GHG emissions from different 
biofuels and define fuels which count towards targets of RFS2 (GAO, 2009); which 
implies a policy shift towards GHG emissions reduction. However, there appears to be 
no recording mechanism for this and no commonly recognized standard to assess 
indirect land-use changes associated with increased biofuels production in this regard. 
As a result, researchers have reported widely varying results on the aggregate quantity 
of GHG emissions for corn ethanol. A review of the literature surrounding this 
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indicates there is much disagreement combined with scientific uncertainty, which makes 
it difficult to assess how policy measures have affected GHG emissions reduction. 
Additionally, none of these studies are absolute values recorded in the manner of the 
UK RTFO. 
Nevertheless, the preponderance of these studies indicated that current, FG, corn-based 
ethanol offers a direct GHG emissions savings of 19 to 21%, meaning that ca. 95% of 
the ethanol consumed in the US offers a GHG emission reduction below the > 40% 
target of SI I. Indeed, a study from the Baker Institute of Public Policy states: 'There is 
no scientific consensus on the climate friendly nature of US produced corn-based 
ethanol, and it should not be credited with reducing GHGs when compared to the 
burning of traditional gasoline' (Alvarez et al. 2010, p 10)). Feng et al. (2008), in their 
discussion surrounding the implied objectives of US biofuels policy, acknowledged that 
current US law provides the same subsidy for all ethanol regardless of the type of 
production, source of input or fossil energy used, i.e. regardless of the GHG emissions 
saving; therefore although the US Government claims that climate change mitigation is 
one of the reasons behind the implementation of policy for corn-based ethanol, this is 
not the case nor the primary motivation behind the subsidy structure. The current policy 
structure fails to motivate the production of biofuels with the highest GHG emissions 
savings the results of policy contradict the initial objectives, indicating a policy change 
is required. 
6.8.1 Sustainability Indicator Two (SI II): Direct Land Use Change 
  
SI II 
Evidence that the feedstock in question is not being grown on 
land previously used for other food crops or land with high 
biodiversity value 
 
The implications of an increased demand for biofuels in the US will have on land-use 
has come under intense scrutiny in public discourse, as critics state that the current and 
future demand for these fuels could be resulting in a significant (direct and indirect) 
shift in land-use patterns, domestically as well as abroad. David Pimentel, a leading 
Cornell University agricultural expert, calculated that if all the automobiles in the US 
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were fuelled with 100% ethanol, roughly 97% of total US land would be required to 
grow the necessary corn feedstock. Although this is a highly unlikely situation, the fact 
remains that the EISAct07 mandates the use of 15 BGal of (conventional) renewable 
fuels by 2022 and that this will most likely be sourced from domestic corn feedstocks. 
Despite the importance of the issue however, it is not clear just how land-use changes 
should be assessed and there is even scepticism about whether these can be modelled; 
for example, see Feng and Babcok (2008). The author therefore wished to examine 
whether the increased production of corn ethanol in the US has resulted in land-use 
change, i.e. whether land that was previously idle or used for another crop is being used 
for ethanol production. 
US Land Statistics 
Table 16 and Figure 49 illustrate US DA statistics pertaining to total available land, as 
well as the percentage by source of each individual category of land-use; for the year 
2009. These statistics show that the US has a total land area of 2,265 MAcr, of which 
442 MAcr is arable land, or rather, 20% of US land is able to be farmed 
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Figure 49: US Land Area; Percentage by Use 
Source: Jeffrey (2010), based upon statistics from Hess et al. (2009) 
Arable Land 
From reading the literature it is apparent that the production of biofuels feedstocks has 
had uncertain and mixed effects on US agriculture. According to the GAO (2009) and 
the USDA, the increase in ethanol production has raised the demand for corn, which has 
contributed to higher corn prices. This in turn has provided economic incentives for 
some producers to devote acreage to the production of this crop and a reduction in acres 
planted to other crops; as well as an increase in crop production on lands that were 
formerly used for grazing or idled and increased feed costs for livestock producers. For 
example, Figure 50 (which illustrates the amount of US acres planted to corn, soybeans, 
wheat and cotton, during the crop years 1999 to 2009) confirms that following the 
implementation of the VEETC and RFS 1, the amount of land dedicated to corn 
increased, whilst the amount dedicated to soybeans decreased - for the calendar year 
2007, US farmers planted an estimated 93.5 MAcr to corn, which is a 19% increase 
from 2006. Contrasting this, soybean acreage declined by 15% over the same period, 
from 75.5 MAcr to 64.1 MAcr, and cotton by 29% (GAO, 2009). Such statistics 
provide evidence that land-use displacement is occurring in the US due to the increased 
demand for ethanol, possibly as a result of increased policy targets. Assuming figures 
indicated in Table 16 and 2007 figures for corn (93.5 MAcr), one can calculate that 
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4.1% of total US cropland and 21.2% of arable land is being used for corn crop 
production. 
Soybean prices rose significantly in 2007 due to a small crop in that year. This 
prompted some producers to return acres which had been dedicated to corn in 2007 back 
to soybeans in 2008; and the estimated land planted to soybeans increased by 17%, 
returning to 2006 levels. Although land planted to corn dropped to an estimated 86 
MAcr in 2008, this level is still 10% above 2006 levels, apparently representing one of 
the largest areas planted to corn since 1949. Therefore although some acres have been 
returned to soy, the USDA projects that corn acreage will remain above 90 MAcr 
through to 2017. 
Figure 50: US Acres Planted to Corn, Soybeans, Wheat and Cotton, 1999 - 2009 
Source: GAO (2009) 
Such evidence confirms that more acres are being diverted to the production of corn; 
however, it does not clarify how much of this increase is a result of ethanol demand for 
ethanol following policy implementation. The US DoE Alternative Fuels and 
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Advanced Vehicles Data Centre has recorded the amount of corn produced per year and 
the amount of this that has been used for the production of ethanol; as illustrated in 
Figure 51. The evidence from their analysis shows that for the years 1986 to 2007, the 
amount of corn grain diverted for ethanol production is minimal, from 4% to 7%. 
However, post-2002, the amount of corn being diverted to ethanol production constantly 
increases and a direct correlation can be seen following the implementation of RFS1 in 
2005, after which the amount of corn dedicated to ethanol production jumps from 14% 
in 2005 to 27% in 2007. In 2006, the USDA Agricultural Baseline Projections 
indicated that the share of ethanol in total corn use would rise from 12% in 2004/2005 
to 23% in 2014/2015; however, this was reached eight years earlier, indicating that 
levels are rising much faster than thought. During the 2007 to 2008 corn marketing 
year, the USDA reported that of the 13 billion bushels of corn crop, about 3 billion 
bushels were used to produce ethanol; or rather, 23% of the nation's corn crop.55  
Assuming a total arable land area of 442 MAcr, this translates to 5.6% dedicated to 
ethanol production. Although not displayed in Figure 51, the US RFA (2010) reported 
that in 2008/2009, ethanol represented 30% of gross corn use, which translates to 7.3% 
of arable land. It would appear that in order to satisfy the federal mandate, significant 
amounts of corn crop are being diverted away from other uses and given to ethanol. 
55 These estimates were based on 93.5 million planted acres in 2007, of which 86.5 million were harvested, at an 
average yield of 150.7 bushels per acre. 
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Figure 51: US Corn Production and Use for Fuel Ethanol, 1986 -- 2007 
IMO Production 	ENE Used for Ethanol 	Used for Ethanol (%) 
Source: Jeffrey (2010), statistics compiled from AFDC (2010) 
Evidence of the demand for water from the local 
supply by biofuels production and refining 
SI Ill 
Policy Effectiveness: how have policies implemented affected land-use change? 
The evidence herein indicates that the implementation of policy for ethanol has led to an 
increase in the production of corn and furthermore, that land previously used for other 
crops is being diverted for this purpose. This is not only potentially damaging for the 
environment but there is also no way of knowing whether or not this is diverting crops 
away from food production. Indeed, the evidence indicates that a greater amount of 
overall corn crop than ever is being diverted to energy purposes. However, the US RFA 
(2009a) notes that • when placed in the proper context, the 'facts' demonstrate that an 
expansion of the ethanol industry has not had a significant impact on domestic land-use 
resources. The opinion of this trade association is that due to increases in agricultural 
productivity, even less land is being used to produce the same amount of ethanol, as 
farmers are able to produce more feedstock per unit of land than at any other time. 
They believe that the increased productivity per unit of land has provided the growth in 
agricultural production necessary to meet heightened demand. It is true that higher crop 
yields relieve pressure on land resources and mitigate the need to expand agricultural 
land-use. Moreover, the literature reports that average corn yields have advanced 
rapidly in the US over the last 40 years;56 however, it cannot be ignored that the amount 
of land being dedicated to corn crops for biofuels production is increasing at a much 
greater rate than ever before, which has resulted in less production of other crops, such 
as soy; and ethanol production now acquires 30% of the total corn crop. For this 
reason, it is suggested that a policy change is required in order to protect further, 
potentially unsustainable, land-use change. 
6.8.2 SI III: Water Consumption 
Various academics believe that the production of crops for energy purposes has affected 
how the nation's water resources are utilised and will continue to do so in the future. 
For example, Fargione et al. (2008) believe that among the future challenges to biofuels 
56  During the decade of the 1970s, corn yields averaged 90.1 bushels per acre; the average yield in the 1980s was 
106.7 bushels per acre, while the average yield in the 1990s was 123.8; and from 2000 to 2007, yields have averaged 
144.8 bushels per acre. 
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development, water is a key priority that needs to be addressed. SI III attempts to 
examine water consumption associated with the growth and production of corn ethanol 
in the US. However, water impacts are complex, difficult to monitor and vary greatly 
by region and there are limited statistics and reports available for this purpose. 
Nevertheless, from an examination of the literature available it becomes clear that there 
are scientists and policymakers, such as the Water Science and Technology Board 
(WSTB),57 who believe that the increased growth of corn for ethanol production has 
increased the stress upon water resources in the US but also that institutions and trade 
associations, such as the US RFA, who argue otherwise. Fargione et al. (2008) reported 
that in some areas of the US, water resources are already significantly stressed; for 
example, large portions of the High Plains aquifer show water table declines of over 100 
feet. Researchers from the International Union for the Conservation of Nature (IUCN) 
said that numerous communities have stalled the development of ethanol plants in the 
US due to their high withdrawal needs in areas where aquifers are already threatened.58 
However, the question of whether more or less water will be applied to biofuels crops 
depends on what crop is being substituted and where it is being grown. The central 
question for this section of the analysis is therefore how is water use consumption 
affected by the production of corn for ethanol? Such a question needs to be considered 
within the context of US policy in order to assess the impact that these policies have had 
on sustainable agricultural practises. 
Irrigation 
Although advances have been made with regards to developing seed varieties for corn 
that are more drought tolerant, the cultivation of corn for ethanol production can require 
substantial quantities of water depending on where it is grown and how much irrigation 
is needed. This is partly determined by previous land use and the amount of irrigation 
previous crops required, if any at all. SI II presented data indicating that farmers are 
switching from growing soybeans to corn crops. On the one hand this is an advantage, 
as corn reportedly uses less water than soybeans and cotton in the Pacific and Mountain 
57 Of the National Research Council the Bakker Institute of Public Policy (2008). 
58  Residents went to court in Missouri to halt a $165m facility being built by Gulfstream Bioflex Energy LLC which 
was projected to draw 1.3m gallons of water every day from the Ozark aquifer. Projects are being challenged in 
Minnesota, Iowa, Nebraska, Kansas and in central Illinois, where eight ethanol facilities are situated over the 
Mahomet aquifer. Demand for corn is such that more land is also being ploughed up in drier regions of the Great 
Plains states to the west of the corn belt, where irrigation in required, increasing water demand further. The 
Economist (2008) 
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regions, however, the reverse is true in the Northern and Southern Plains due to regional 
differences in rainfall and groundwater storage; therefore switching from soybean to 
corn in the Northern and Southern Plains adds further stresses to the water supply 
(Fargione et al., 2008). The feasibility and sustainability of biofuels crop production as 
a function of water availability is thus region-specific. As highlighted in Figure 52, 
which shows the state-by-state water requirements of irrigated corn in the US, there are 
significant (10-fold) variations in the water requirement for the same crop across the 
country. Most of the corn crop production occurs in the corn-belt and as Figure 52 
illustrates, Ohio requires a significant amount of water for irrigation (between 4,001-
5,905); therefore encouraging further production of corn crops for ethanol in this region 
would be most likely be unsustainable. 
Figure 52: State-by-State Water Requirements of Irrigated Corn (gallons of irrigated 
water per bushel for 2003) 
Sr~rrrce: Fargione et al. (2008) 
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Production 
The research used for this analysis indicates that the amount of water consumed in the 
corn conversion process has declined over time, and is small in comparison to the 
amount of water consumed during the growth stage; however, it can still have a 
significant effect on local water supply. According to Fargione et aL (2008), corn 
ethanol uses a very large amount of water during production because water use in bio-
refineries is concentrated into a smaller area and the local effect can be substantial. The 
GAO (2009) and the Argonne National Laboratory (Wu et al., 2009) reported that from 
1998 to 2007, water consumption at corn ethanol bio-refineries dropped by 48%, from 
5.8 Gal to 3 Gal of water per gallon of ethanol. However, at this rate the current 
average water needs for a single 100 MGa1 per year corn ethanol plant is almost the 
same as the annual water needs for a town with 8,200 people;59 approximately 300 
MGal by EPA estimates. The National Research Council found that the citing of some 
ethanol plants is also occurring where water resources are already under duress: as 
Figure 53 indicates, many planned ethanol facilities that require 0.1-1.0 MGa1 of water 
per day are located on the High Plains aquifer, where current water withdrawals are 
much greater than the aquifers recharge rates (about 0.02-0.05 foot per year in most 
areas of the northern part of the aquifer, which includes Nebraska, Kansas, South 
Dakota, Colorado and Wyoming). Again, this indicates that the impact of biofuels 
production on water consumption is region-specific and needs to be monitored. 
59  Average water consumption in the US is 100 gallons per day per person, according to EPA. 
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Figure 53: Existing and Planted Ethanol Facilities (as of 2007) 
The increase in water consumption required by production facilities is highlighted in an 
article in The Economist — Ethanol and Water: Don't Mix, which describes how an 
application for Florida's first ethanol production facility requested 1.5 MLit of city 
water per day. Such water consumption would make the facility one of the city's top 
ten water consumers overnight and the company planned to subsequently double its 
size. This would have serious implications for water availability due to the fact that 
Florida is already suffering from a prolonged drought. This is not a singular case, 
examples of production facilities threatening local water supplies can be seen across the 
US, as the number of ethanol factories almost tripled between 2000 to 2008, from 50 to 
140, with 60 or so under construction. Rural communities rely on groundwater aquifers 
(which may take several years to recharge) for their drinking water supplies — if several 
ethanol plants are built near one another or draw from the same aquifer they could 
potentially reduce the drinking water available to the surrounding communities (GAO, 
2009). This is an unsustainable use of water resources. 
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Lifecycle Water Consumption 
According to Wu et al. (2009), the amount of water needed to produce 1 Gal of corn 
ethanol (considering both water used for irrigation and in the conversion process) varies 
significantly, with estimates ranging from 1 to 324 gallon of water per gallon of corn 
ethanol produced, the upper range representing regions that rely primarily on rainfall; 
see Table 17. Such data adds to the evidence that the impact of biofuels on water 
production is region-specific. 
Table 17: Average Water Consumed in Corn Ethanol Production in Primary Regions in 
















6.7 10.7 281.2 
Corn Irrigation, 
Surface Water 
0.4 3.2 39.4 
Corn Ethanol, 
Conversion Process 
3.0 3.0 3.0 
Total Water 
Consumption 
10.0 16.8 323.6 
Source: GAO (2009) 
However, Chiu et al. (2009) estimated the state-level field-to-pump water requirements 
for bioethanol by using regional time-series agricultural and ethanol production data in 
the US; and the results indicate that bioethanol's water requirements can range from 5 to 
2138 gallons of water per gallon of ethanol. The study found that as corn based ethanol 
production approximately doubled across the nation between 2005 to 2008, related 
water consumption has more than tripled at the same time - consumptive water use 
associated with bioethanol in the US increased by 221%, from 1.9 TLit in 2005 to 6.1 
TLit in 2008, whereas US bioethanol production has increased only 127%, from 15 BLit 
to 34 BLit during the same period. 
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Policy effectiveness: How have policies implemented affected water availability? 
SI II wished to explore evidence of whether the growth and production of corn ethanol 
has led to a demand for water that cannot be met locally. Following a review of the 
available literature it is evident that there are fundamental knowledge gaps preventing a 
reliable assessment in this regard. However, although it was not possible to ascertain 
exactly how much water has been used throughout the whole life-cycle of corn ethanol, 
particularly in correlation to the implementation of policy, it was possible to ascertain 
that the effect of ethanol production on water availability is region-specific, with the 
effect likely to be greatest in water-constrained regions of the US where the growth of 
corn crops requires irrigation. For example, some of the largest increases in corn acres 
(1.1 MAcr) are projected in the Northern Plains region, where on average, 40% of the 
corn currently grown is irrigated. Parts of this region draw heavily on the High Plains 
aquifer — which is already stressed due to water withdrawals greater than natural 
recharge. If corn crops are grown for ethanol in the western US or Ohio, one of the 
states within the corn-belt, where between 4,001-5,905 gallons of water are required for 
irrigation, this would be unsustainable. Likewise, if a corn production facility is located 
in Florida, where an additional 400,000 Gal of water a day are required from an already 
strained water supply, this too, is not sustainable. For this reason, it is essential that 
water consumption be considered in future policy design and a policy change is required 
in view of this. 
SECTION FOUR: THEORETICAL DRIVERS AND BARRIERS  
This section aims to further explore the theoretical drivers and barriers analysis by 
applying the 'true' and 'false' theoretical drivers and barriers methodology to the US; as 
shown in Figure 54.60 This evaluation showed there are fourteen combined drivers and 
barriers which can be disproved for the US but that there are seven which are proven to 
be true and therefore need to be considered in future policy recommendations. Drivers 
or barriers that were disproven for this case study are no longer discussed, as there was 
no evidence for their influence in the reference material; however, factors which were 
considered 'true' for this case study are discussed further, below. 
60 The full theoretical drivers and barriers analysis, including which factors are logical for consideration in the policy 
design of Chapter Eight, can be seen as Annex 3. 
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Figure 54: Theoretical Drivers and Barriers Analysis (US) 
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6.9 	TRUE DRIVERS AND BARRIERS 
6.9.1 	Drivers 
The first driver to be proven is Research and Development. Since the conception of the 
biofuels sector in the 1970s, the US Government has invested billions of dollars into 
R&D. The resultant innovation has produced a steady stream of new technologies and 
cutting edge production practices which have improved the industry's efficiency and 
economics over the past few decades (US RFA, 2009a). The second driver of concern 
is production potential, as the US has been strongly driven by the ability to produce 
corn ethanol with domestically grown resources, particularly with the development of 
the rural economy in mind. 
6.9.2 Barriers 
The biofuels industry has faced multiple challenges in meeting an increased demand for 
biofuels domestically; for example, economic risk is significant and compounded by the 
fact that a high demand for new plants has extended construction durations from 12 
months to 18 to 24 months, increasing the risk for investors following potential changes 
in market conditions (Kram, 2007). Another barrier concerns petroleum prices: in 
1986, when the price of corn was high and the price of petrol falling, the demand for 
ethanol decreased and the industry faced problems. The Government had to bail out the 
ethanol producers by providing them with $70 million worth of free corn (Bovard, 
1995; Carney, 2006). In 2009, experts reported that the production of ethanol had 
stagnated because of relatively low petrol prices (GAO, 2009). Another barrier of 
concern is the additional costs associated with increased market development, such as 
investment costs associated with biofuels production facilities. For example, that plant 
construction costs have risen sharply in recent years due to bottlenecks amongst firms 
skilled at building the plants, as well as a more general surge in the cost of raw 
materials used in plant construction. Investment costs per gallon of capacity rose from 
roughly $1.20 in early 2006 to an estimated $2.00 in early 2007 and by the end of that 
year were $2.20 per gallon. Investment costs associated with SG cellulosic ethanol are 
even higher, as cellulosic ethanol is currently not cost-competitive with petrol or corn-
based ethanol. The EIA (2007) reported that capital costs for a cellulosic ethanol plant 
with a capacity of 50 MGaI per year is estimated to be $375 million (2005 dollars), as 
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compared with $67 million for a corn-based plant of similar size, making investment 
extremely risky for a large-scale cellulosic ethanol production facility. 
As with the UK example, the GAO (2009) acknowledged that a significant challenge to 
the development of a sustainable biofuels sector is technology availability, as cellulosic 
conversion technology is not commercially available and is expensive relative to the 
cost of producing ethanol from corn. A few experts noted that the commercial 
production of advanced energy crops is several years away due to significant challenges 
involving feedstock production practices, transport infrastructure, conversion 
technologies and market formation, which must be addressed before new energy crops 
can become economically viable. The lack of information available to the public is also 
considered a barrier here, as the US RFA (2010) reported that a major challenge to 
increasing the use of higher blends, such as E85, is informing the public as to where 
such blends are available and which vehicles operate on these. However, the ethanol 
industry is trying to better educate the public by developing a number of online and 
digital tools to better communicate information about biofuels to the public (US RFA, 
2009a). For example, www.EthanolRFA.org/energyfuture, offers an online video to 
convey messages about economic, environmental and energy security through biofuels. 
In addition to the theoretical drivers and barriers discussed in Chapter Four, the US 
industry flagged some additional factors that need consideration. For example, 
distribution of biofuels to end-use markets is hampered by fuel availability — there are 
about 8 million FFVs out of more than 250 million road vehicles which can use E85 
fuel, however, many FFVs are using El() because a ready supply of E85 does not exist 
outside the upper Midwest (GAO, 2009). Although El0 is readily obtainable 
throughout the US, there are a limited numbers of fuelling stations for biodiesel and 
E85, as shown in Table 18. 
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Table 18: Comparative Number of Fuelling Stations for Biofuels 
FUEL NUMBER OF STATIONS PERCENTAGE OF TOTAL 
All Fuels 169,000.00 100.00 
Biofuels 1,767.00 1.0 
E85 799.00 0.5 
Biodiesel 968.00 0.5 
Source: EIA (2007) 
6.10 CHAPTER SUMMARY 
This chapter contributed to the analysis for research questions 3 and 4 and their 
objectives. The examination of the US case highlighted that Government support for 
biofuels is paramount for a successful industry, moreover, that market penetration in the 
ethanol industry has been significantly encouraged by excise duty reductions and a 
federal mandate, as well as other supporting mechanisms. However, these policy tools 
are justified for their allegedly positive effects on energy, agriculture and climate and 
despite a thriving domestic industry, imports are now necessary; contradicting energy 
security goals. Moreover, the dominant feedstocks utilised under these mechanisms do 
not offer significant GHG emissions savings, are potentially causing detrimental land 
use change and can significantly impact water availability in certain regions of the US. 
Policy changes are required if environmentally sustainable policy objectives are to be 
achieved. 
228 	 
7 CRITICAL ANALYSIS: GOVERNMENT SUPPORT FOR BIOFUELS IN BRAZIL 
7.1 INTRODUCTION 
Brazil has the oldest example of widespread biofuels development in the world and is a 
pioneer of bioethanol use, being one of the first countries to actively promote it as a fuel 
source dating back to the 1930s. Today, its ethanol industry is thriving. Unlike the UK 
or US, Brazil has not made dramatic policy shifts in the past few years, yet remains the 
second largest producer in the world following the US; and the largest exporter of 
bioethanol to other global markets (Schneyer, 2007; Neeft et al., 2007; Hira and de 
Oliveira, 2009; Bacovsky et al., 2009; EIA, 2009b). The evolution of the Brazilian 
bioethanol system is therefore of paramount interest to those interested in energy policy 
around the world and a case study in this regard has a lot to contribute to the discourse 
surrounding policy lessons for this thesis. The objective of this chapter is to present an 
in-depth examination of the Brazilian bioethanol industry. This case will take a slightly 
different format to its two predecessors and rather than examining policy instruments in 
order of type, a history of the fuel ethanol programme in Brazil will be presented. This 
was a more appropriate format in order to highlight the important policy developments 
throughout each stage of the programme 
SECTION ONE (A): INSTITUTIONAL SETTING 
7.2 	BRAZILIAN POLICY AND REGULATORY INSTRUMENTS 
7.2.1 Early Experience 
The first use of sugarcane bioethanol as a fuel substitute in Brazil dates back to the early 
twentieth century, with the introduction of the first automobile. After WWI some 
experimenting took place in Brazil's NE region and by 1919, the Governor of 
Pernambuco61 mandated that all official vehicles should be run on bioethanol (Koval*, 
2006). Subsequently, in 1927, the first bioethanol fuel production plant went on line the 
NE state of Alagoas; producing fuel with 75% bioethanol and 25% ethyl ether (E75). 
Other plants subsequently began producing bioethanol fuel such that two years later 
61 North-eastern State of Brazil. 
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there were 500 cars running on this fuel in the country's NE Region (Kovarik, 2006). In 
1931, a decree was issued mandating that 5% (by volume) blends of hydrated 
bioethanol should be added to all imports of petrol (Kovarik, 2006; Sperling, 1988, 
cited in Hira and de Oliveira, 2009). The effect of these two mandates was that the 
number of distilleries producing fuel-grade bioethanol increased from 1 in 1933 to 54 in 
1945 and fuel-grade bioethanol production increased from 100,000 Lit in 1933 to 51.5 
MLit in 1937, representing 7% of the country's fuel consumption (Kovarik, 2006). 
Production peaked at 77 MLit during the petroleum scarce years of WWII, representing 
9.4% of all bioethanol production in the country, but it is reported that the average 
annual bioethanol content in petrol still managed to reach 40% in NE Brazil at this time. 
Subsequently, due to German submarine attacks threatening oil supplies, the mandatory 
blend was increased to 50% in 1943 (Kovarik, 2006; Hira and de Oliveira, 2009). 
However, following the end of WWII, cheap oil caused petrol to prevail in the market 
and bioethanol blends were subsequently only used sporadically, mostly to take 
advantage of sugar surpluses (Kovarik, 2006; Hira and de Oliveria, 2009). Thus, 
between the 1920s and 1970s, the need for new fuel sources in Brazil converged with 
the motivations of sugar producers, who through sugarcane bioethanol had the 
opportunity for market growth and stability of this commodity. This meant that by 
1975, when the first OPEC petroleum price spikes hit, Brazil already had a long history 
and wealth of experience diverting sugarcane into bioethanol fuel production. 
7.2.2 ProAlcool 
The early 1970s were a boom time in Brazil with many observers heralding the 
`Brazilian economic miracle' (Sandalow, 2006). However, the then President of Brazil, 
Ernesto Geisel, faced several problems. Firstly, the cost of Brazil's oil imports tripled 
in late 1973 due to the Arab oil embargo. This affected the Brazilian balance of trade 
and culminated in a deficit of US$4.69 billion in 1974 as well as inflation rate increases 
of 122.6% in one year — from 15.5% in 1973 to 34.5% in 1974. Secondly, sugar 
producers faced an overproduction crisis, as world sugar prices, which had been 
climbing upwards since the mid-1960s, declined sharply on the national and external 
markets - in the international sugar market, prices plummeted from US $0.55 per pound 
to US $0.12 per pound, pressing profitability in the sector. These factors were 
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fundamental to the definition of energy policies adopted by the military Government, as 
domestic bioethanol was seen as an important way for the Government to reduce 
petroleum importation and improve the country's macroeconomic indices (De Moraes 
and Rodrigues, 2006). President Giesel therefore launched ProAlcool in November 
1975. The main goal of the programme was to phase out automobile fuels derived from 
fossil fuels, such as petrol, in favour of bioethanol produced from sugarcane. PrOAlcool 
was created with large public and private investments and was supported by the World 
Bank (Hira and de Oliveira, 2009; Bacovsky et al., 2009). The four explicit objectives 
of ProAlcool were as follows: 
I. To increase the net supply of foreign exchange through reducing the demand 
for imported fuel (energy security); 
II. To reduce disparities of income among regions and individuals, by improving 
agricultural incomes in the more impoverished NE, where much of the sugar 
industry was then located (economic rural development); 
III. To increase national income through the deployment of underutilized 
resources, particularly land and labour (socio-economic development); and 
IV. To increase the growth of the domestic capital goods sector through rising 
demand for agricultural and distillation equipment (economic improvement) 
(Rosillo-Calle and Cortez, 1998; Hira and de Oliveira, 2009). 
However, Hammond (1977) and Hira and de Oliveira (2009) reported that Brazilian 
ambitions went beyond this; they hoped that bioethanol would reduce pollution in big 
cities, create numerous new jobs, reduce rural poverty and create a new source of 
industrial growth. Above all, Brazilians saw ProAlcool as a movement of national self-
confidence, pushing for international recognition, local pride and optimism. The 
programme therefore had strong public support, which assisted in driving the industry 
forward. 
STAGES OF PROALCOOL  
From reading the literature it can be determined that there are five distinct stages within 
the evolution of ProAlcool, each with specific policy instruments or measures of 
support, presented in the subsequent discourse accordingly. 
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Stage One: circa. 1975-1979 - Creation and establishment of ProAlcool 
Stage One was characterised by six key features and incentives, which acted as strong 
drivers to production, consumption and market penetration, as follows: 
	
1. 	Mandate: The first and most important step of ProAlcool was the decree by the 
Government that bioethanol should be blended into petrol to the maximum 
extent feasible in existing vehicles, approximately 20% anhydrous ethanol 
(E20). For many years Brazilian cars had been designed to burn petrol with up 
to about a 20% bioethanol fuel mix, so the initial target required no response 
or action from the automakers (Rosillo-Calle and Cortez (1998; Sandalow, 
2006; De Moraes and Rodrigues, 2006; Hira and de Oliveira, 2009). 
II. 	Direct funding sources for biofuels capacity: A second goal of ProAlcool was 
that anhydrous alcohol should be produced in distilleries attached to existing 
sugar mills, to take advantage of the surplus sugar and help profitability in the 
sector. In order to achieve this, the Government offered credit guarantees and 
low-interest loans for the construction of new refineries through the Bank of 
Brazil as well as the Special Fund for Exportation.62 The credit conditions 
changed from 1975 but at the end of Stage One, in 1977, were as follows: 
From 70 to 90% of industrial investment financed, depending on the size of 
the distillery and on the raw material used (instead of 100% in the original 
proposal of 1975); 
Reduction of interest rates to 6% (4% for the region Sudame/Sudene)63 and 
5% to autonomous distilleries (3% for areas of Sudame/Sudene) (from 15%, 
17% and 7% respectively); 
Term of delay for starting payback — 3 years (from 2 years in the 1975 
proposal). 
These initial incentives accounted for nearly $2 billion in loans (nominal 
dollars), the principal beneficiaries of which were the large producers 
(Sandalow, 2006; Neeft et al., 2007; Xavier, 2007; De Moraes and Rodrigues, 
2006). 
62  Fund that comprised taxes charged in every sack of sugar and on every litre of non-carburetting alcohol produced, 
as well as on net revenues on exportation. Sugar producers received for the exported product an amount that was 
similar to its price in domestic market, so that the difference was destined to the Special Fund for Exportation. 
Moraes and Rodrigues (2006) reported that this caused a high level of dissatisfaction among producers from the 
Centre-South Region. 
63 Area in the North-Northeast region. 
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III. Guaranteed supply: Trading rules were established whereby all the alcohol 
produced was guaranteed to be bought from the state-owned oil company —
Petrobras — to ensure consistency of supply and favourable prices. The Sugar 
and Alcohol Institute (IAA) was subsequently placed in control of the 
production and trading of all types of alcohol all over the country (Sandalow, 
2006; De Moraes and Rodrigues (2006). 
IV. Investment in infrastructure: In order to ensure supply, Petrobras was required 
to provide and operate the infrastructure necessary for the transportation, 
storage and distribution of bioethanol. This was based on a cross-subsidy 
scheme whereby petrol prices were artificially boosted to keep the price of 
bioethanol at a competitive level. However, eventually losses assumed during 
the first fifteen years of commercialisation were also assumed by Petrobras, 
which through its involvement in PrOAlcool, accumulated losses of around $4 
billion (Moreira and Golemberg, 1999; Sandalow, 2006; Xavier, 2007; Walter 
and Dolzan, 2009); 
V. Lobbying and strong public support: The IAA, which regulated the sugarcane 
industry and advocated sugar growers' interests, lobbied to make sugarcane 
the exclusive feedstock. Copersucar, a cooperative of the large Sao Paulo 
sugar and bioethanol producers, lobbied to procure subsidies and to oppose the 
establishment of large state-administered plantations; and was one of the 
primary proponents of the alcohol initiative. The Government also recognised 
the importance of strong public support and launched a marketing programme 
with the slogan 'Let's unite, make alcohol' to instil national pride and drive 
consumption demand (Sandalow, 2006; Hira and de Oliveira, 2009; De 
Moraes and Rodrigues (2006). 
Stage Two: circa. 1980-1983: cars running on hydrous alcohol 
When the Iranian Revolution triggered a second petroleum economic crisis in 1979, the 
Brazilian Government expanded PrOAlcool to further support production and 
consumption. The key state support policies, incentives and critical factors for what has 
been referred to as the honeymoon period of ProAlcool are as follows: 
I. 	Annual production target: In 1979, the Government specified that an annual 
production target of 2.8 BGa1 of bioethanol should be achieved by 1985. 
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CENAL, the National Executive Commission and CINAL (an inter-ministerial 
commission) were formulated to oversee these production targets (Sperling, 
1988; Rosillo-Calle and Cortez, 1998; De Moraes and Rodrigues (2006). 
IL 	Mandate: The federal mandate remained a solid feature of support offered to 
the bioethanol industry in Stage Two of the programme, increasing to a 25% 
bioethanol blend (E25). The Government also mandated the use of 
bioethanol-fuelled vehicles in its own fleet (Xavier, 2007). 
III. Agreement with automobile manufacturers: Prior to 1979, the mandate level of 
20% required no response or action from automakers; however, this was not 
the case for 100% bioethanol (E100). Although GM, Ford and VW announced 
that there were no major technological barriers that precluded the production 
of alcohol-only cars, industry was unwilling to invest in retooling factories for 
this purpose without an assurance of continued and reliable fuel supplies. This 
spurred the Government into action and in 1979, they started negotiations with 
the major automobile manufacturers to promote and produce vehicles 
especially designed for bioethanol use (E100). These negotiations resulted in 
the car manufacturers making the crucial decision in 1979 to start 
manufacturing bioethanol vehicles; participating companies — including Fiat, 
VW, Mercedes-Benz, GM and Toyota — agreed to produce 250,000 
bioethanol-only cars in 1980 and 350,000 in 1982. As parent companies of 
Ford and Volkswagen had previously conducted R&D in their home countries, 
this knowledge was simply transferred to their subsidiaries in Brazil. After 
testing in Government fleets with several prototypes in mid-1979, assembly 
lines were installed for the mass production of E 100 cars. Additionally, the 
automobile industry agreed to sell cars run on alcohol for the same price as 
those run on petrol, despite the higher production cost (Rosillo-Calle and 
Cortez, 1997; Sandalow, 2006; Xavier, 2007; Sandalow, 2006; Hira and de 
Oliveira, 2009). 
IV. Infrastructure subsidies, foreign investment and loans: In 1979, the 
Government established that $5 billion would be invested into the production 
and distribution facilities necessary for the growth of ProAlcool in the 
subsequent six years. In addition to federal financing, Investialcool (later 
renamed Brasalcool) was set up in 1979, by private groups, foreign financiers, 
and the Government, to provide financing for the growth of the sector. 
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Foreign investment was substantial and in 1980 the International Bank for 
Reconstruction and Development (IBRD — World Bank) and the Brazilian 
Federal Reserve Bank (Banco Central) made an agreement which offered 
US$1billion in resources to the programme. However, the loan was 
conditional to opening the Brazilian technology market to foreign companies 
but there was strong pressure from national groups, alcohol producers and the 
National Bank of Social and Economic Development (BNDES), who were 
against this decision. As a consequence of this disagreement Brazil only 
received the first instalment of the loan (US$250 million); the rest was 
cancelled by the World Bank (De Moraes and Rodrigues, 2006). 
Nevertheless, such financing covered the investment required for this phase of 
the programme. 
V. Guaranteed minimal prices for bioethanol producers: To further encourage 
consumption, a guaranteed maximum selling price was established at 66% that 
of the petrol price, although this was reduced to 59% in 1982 (De Moraes and 
Rodrigues (2006). 
VI. Tax exemption for taxi drivers: The Government also offered taxi drives an 
exemption from Tax on Manufactured Goods in order to convert their cars for 
100% bioethanol-use. Several leading race car drivers also offered their 
backing and made highly visible use of E100 cars (Sandalow, 2006; De 
Moraes and Rodrigues (2006). 
Bottlenecks in the second phase of PrOAlcool 
Stage Two of PrnAlcool was also characterised by a number of problems, including: 
The long time for legal proceedings to be approved for individual projects due 
to inefficient administrative systems; 
The absence of monetary correction in the loans offered to the distilleries —
due to the slow legal proceedings for the projects approval and high inflation 
rates, at the time when projects were approved the amount requested had lost 
its value and therefore it was insufficient for the implementation of 
investments; 
A lack of distribution and warehousing for alcohol fuel; 
The price of alcohol paid to producers; 
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The lack of financial resources for financing the expansion of plantations and 
industrial capacity; 
A fragmented decision-making structure; and 
The development of technology for engines running exclusively on alcohol 
(De Moraes and Rodrigues, 2006). 
The lack of infrastructure and warehousing distribution logistics was the most serious 
problem faced by ProAlcool in Stage One and Two; however, as of 1979, Petrobras was 
placed in charge of the product's distribution and storing, for a number of reasons. For 
example, in 1980, a resolution from the Alcohol National Council established that 
pipelines should be the primary transport method for bioethanol, which placed Petrobras 
at a significant advantage, as it already had a wide transportation system available (oil 
pipes, tankers and trucks) for petroleum derivatives, whereas dealers had only trucks. 
Subsequently, in 1983, a decree established that Petrobras could purchase and distribute 
the necessary volume of alcohol to supply and demand the emergency stocks, as well as 
100% of the distilleries' excess production, by means of its distribution system. The 
result of these actions was that by the end of 1983, Petrobras was very near to holding 
the monopoly on all alcohol in Brazil, as it was already authorised to buy ca. 50% of all 
the country's alcohol consumption. Petrobras also owned the largest chain of hydrous 
alcohol filling stations in the country. In this way, De Moraes and Rodrigues (2006) 
reported that the problems of distribution and tanking (significant barriers) were 
resolved. 
Stage Three: circa 1984-1989 
The 1980s saw important economic and political changes, both globally and in Brazil, 
which contributed to a reassessment of ProAlcool. Firstly, Brazil was moving from a 
military Government to a democracy. Secondly, world oil prices dropped sharply in 
1985-1986, reducing the immediate benefit of replacing oil imports with bioethanol. At 
the same time, the domestic economy had serious problems with high inflation rates and 
foreign debts, which are reported to have been as high as US$120 billion and costing 
over US$10 billion a year to serve. Conflicts between producers and Government 
indicated a need for a new model of federal intervention (Sandalow, 2006; Rosillo-Calle 
and Cortez, 1998; Hira and de Oliveira, 2009; De Moraes and Rodrigues, 2006). These 
issues resulted in ProAlcool receiving lower priority by the Government of the 1980s. 
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This was reflected in the policy shifts occurring in Stage Three of the programme, as 
follows: 
I. Cut back on subsidies: In 1984, fiscal support for PrnAlcool was significantly 
cut back under the new administration (the first civilian administration 
following the military regime). This included the elimination of the price 
differential between bioethanol and petrol, as well as cutting soft loans for the 
construction of new refineries. Support for the bioethanol programme from 
state and trading companies also dwindled. Sandalow (2006) and De Moraes 
and Rodrigues (2009) reported that the depletion of the official resources and 
the cutting back of subsidies in this manner highlights the difficulty faced by 
the Governinent for continuing to intervene in the sector. 
II. Guaranteed purchasing stopped: In 1987, due to the deficit in the federal 
Alcohol Account (in charge of distributing subsidies), Petrobras stopped 
buying stocks of alcohol that exceeded demand. Although the norms 
established in Decree No 94541 (July 1987) still determined that Petrobras are 
obliged to buy emergency stocks and exceeding volumes, this effectively 
terminated bioethanol payments to producers (De Moraes and Rodrigues, 
2006). 
III. Mandate reduced: In response to a declining market and fiscal problems 
characteristic of Stage Three, the Government mandate was reduced from 22% 
to 13% in 1989 (De Moraes and Rodrigues, 2006). 
An official evaluation of the total amount of investments made into both the agricultural 
and industrial sectors for the production of bioethanol found that between Stage One 
and Stage Three (circa 1975-1989), the Government spent an estimated total of $12.3 
billion in PrnAlcool, which was a significant strain on the federal budget (Moreira and 
Goldemberg, 1999); Xavier (2007). For such reasons, in August 1990, the then 
President, Fernando Collar, publicly recognised the limits of bioethanol as a substitute 
for petroleum derivatives and whilst he did not extinguish PrnAlcool he chose to keep 
production within already-installed capacity, indicating the need for Petrobras to enlarge 
the national production of petroleum instead." However, as this shift in petroleum 
64 In 2005, Brazilian self-sufficiency in petroleum was announced. 
237 	 
occurred, environmental issues captured the attention of industry stakeholders, as 
bioethanol was recognised as a clean fuel, which could be implemented to reduce CO2 
emissions, a point which strengthened the standpoint of alcohol producers who wished 
to continue with the bioethanol programme. De Moraes and Rodrigues (2006) reported 
that in this regard, the CETESB (Technology and Environmental Sanitation Agency) -
the agency which controls polluting elements emissions - became an important fuel 
alcohol ally and helped sustain the programme through hard times. 
Stage Four: circa. 1990-2002 deregulation and privatisation  
Sandalow (2006) reported that during Stage Four of the programme the new 
administration lacked a convincing overall energy policy, especially with regards to 
PrOAlcool. At the same time, the Brazilian economy was experiencing profound 
transformation, with economic policy emphasising stabilisation, privatisation and 
liberalisation — priorities into which an industrial programme like ProAlcool did not fit. 
As with Stage Three, this is reflected in the policy shifts of the time; as follows: 
I. Deregulation, privatisation and end of subsidies: From 1989 to 2000, the 
bioethanol programme was characterized by the dismantling of the economic 
incentives which had been established for bioethanol, as part of a broader 
deregulation that affected Brazil's entire fuel supply system. With global oil 
prices dropping and financial crisis reigning, there was no longer political will 
to continue with massive taxpayer subsidies, which were rescinded. This 
marked the beginning of the industry's deregulation and the slow extinction of 
ProAlcool. 
II. Closure of administrative bodies: In 1990, the IAA, which had regulated the 
Brazilian sugar and bioethanol industry for over six decades, was closed. A 
bioethanol supply shortage in 1991 further dampened support for the 
programme and in 1991, CNP, CNAL, and CENAL were also closed. 
Throughout the 1990s, subsidies and regulation were gradually removed and 
the Government gradually transferred to the private sector the ability to make 
decisions regarding the planning and carrying out of the industry's production, 
distribution and sales activities. 
III. Car Manufacturers retooled for petrol cars: In response to market conditions 
and a lack of political support from the Government, car manufacturers 
quickly retooled to build petrol cars. By the mid 1990s, only fleet vehicles 
	 238 
(such as taxis and rental cars) were being made to run on pure bioethanol 
(E100) (Sandalow, 2006). 
IV. 
	
	Continuous mandate: Throughout the period 1989 to 1993, the Government 
continued to mandate a predetermined amount of bioethanol be blended into 
petrol and in 1993, in an attempt to arrest the deterioration of the sector, the 
Government passed a law requiring all petrol be blended with E22. The 
Government's rationale was environmental — bioethanol would reduce 
emissions of lead and other pollutants, a fact which helped sustain industry 
support. Since then, the Government has set the percentage for the mandate 
according to the results of the domestic sugarcane harvest and the levels of 
bioethanol production which had been produced from this, resulting in blend 
variations even in the same year. Since 2007, the mandatory blend has been 
E25 (Sandalow, 2006; Xavier, 2007). 
These actions resulted in a system of liberalised prices being installed in February 1999, 
both for sugarcane and for all the products from the sugar-alcohol agro-industry. De 
Moraes and Rodrigues (2006) noted that there were various delays in the liberalization 
of the sector however, and that the discussions and active participation of the agents 
involved at the time, as well as the media, are indicative of the difficulties faced in this 
process (i.e. the balancing of economic, environmental and social issues). However, 
with the withdrawal of Government support and with an end to guaranteed prices, 
sugarcane, sugar and alcohol prices were free to fluctuate. Mills and distilleries no 
longer had sugar and alcohol production quotas and the support to fuel alcohol was 
discontinued. This effectively ended PrOAlcool (Sandalow, 2006: Xavier, 2007; De 
Moraes and Rodrigues, 2009). 
Stage Five: 2002 — present: The Flex Fuel Age  
The bioethanol programme re-emerged in the 2000s, when rising oil prices and global 
awareness of climate change once again brought alternative fuel sources to the forefront 
of the Brazilian energy agenda. This time, the civilian administration could build on the 
competence base previously established by ProAlcool, which was strongly influenced 
by the car manufacturing industry. Towards the end of the 1990s, in response to 
deregulation, some Brazilian engineers and policy makers had sought to revive the 
bioethanol fuel programme and commenced R&D into the design and production of 
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FFVs.65 After negotiations with Government, it was agreed that FFVs would be treated 
to preferential tax treatment, which amounted to a 14% sales tax, as compared to 16% 
sales in non-bioethanol cars (Sandalow, 2006). Subsequently, Ford launched the first 
FFV prototype in 2002, with VW following in 2003. In addition to introducing tax 
preferences for FFVs, the Brazilian Government exempted anhydrous bioethanol from 
tax in order to boost its competitiveness with petrol. The Government also 
implemented an import tariff of 20% to imports of sugar in order to boost the domestic 
industry. 
7.2.3 Policy effectiveness: How have policies implemented affected market 
development and production? 
This section explores policy effectiveness in terms of market development by 
examining domestic bioethanol production in relation to the various stages of 
ProAlcool. Additionally, this section discusses how consumers reacted to the incentives 
of each stage of the alcohol programme, by examining production and sales trends for 
the various car types. Figure 55 illustrates the evolution of bioethanol production from 
1970 to 2008 and Figure 56 illustrates the production of cars by fuel type for the years 
1971 to 2008, as compared to the various stages of PrnAlcool. 
65 As stated in Chapter Six, FFVs run on any mixture of hydrated bioethanol and petrol. 
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Figure 56: Production of Cars by Fuel Type (1971 - 2008) vs. Stage One to Stage Five of PrOAlcool 
Source: Jeffrey (2010), statistics compiled from Anfavea (2009) 
Stage One: 1975 - 1979 
The results of the various actions, incentives and policy mechanisms implemented in 
Stage One of ProAlcool were dramatic — as Figure 55 illustrates, large-scale production 
of bioethanol commenced immediately and grew approximately 350%, from 555.6 
MLit in 1975 to 2.49 BLit in 1978. With regards to the production of petrol cars, it can 
be seen in Figure 56 that this dropped dramatically following the petroleum price crisis 
of the 1970s; however, following the implementation of a mandate for E20, production 
and sales of these cars increased significantly - thus market penetration was effectively 
instantaneous. 
Stage Two: 1980 — 1983 
With the help of Government pricing policies in Stage Two of ProAlcool, which kept 
the cost of bioethanol to consumers significantly cheaper than the cost of petrol, 
domestic production increased by ca. 221% between 1980 and 1983, from ca. 2.49 BLit 
to ca. 8 BLit. The presence of a continuous mandate and subsidies for the production of 
E100, combined with the second oil shock of the early 1980s, resulted in the successful 
adaptation of engines for El 00 fuel use. The effect of the agreement with car 
manufacturers was remarkable - E100 fuel increased from representing 0.4% of the car 
market in 1979 to 73.4% of the market in 1983, as can be seen in Figure 56. Following 
the implementation of subsidies for the development of the necessary infrastructure, the 
number of stations equipped for selling hydrous alcohol grew rapidly. In 1979, there 
were 16 petrol stations equipped to supply hydrous bioethanol; however, in December 
1980, this had increased to 3,587 filling stations selling both petrol and hydrous alcohol. 
One year later, in 1981, the number of stations selling bioethanol had grown to 9,021 
and by 1982, this had increased to 10,009 (Sandalow, 2006; De Moraes and Rodrigues 
(2006). 
Stage Three: 1984 — 1989 
Despite the success of ProAlcool in its first ten years, during the third phase of the 
programme oppositions were reinforced, due to the decline of international oil prices 
and the heavy subsidies given to inefficient bioethanol producers. Furthermore, despite 
efforts towards restructuring of oil refineries, large surpluses of petrol existed at that 
time (Walter et al., 2005). In the harvest of 1989/90, about 28 autonomous distilleries 
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financed by ProAlcool closed down, which meant a reduction of about 500 MLit of 
alcohol. In the same year, sugarcane suppliers and even alcohol producers themselves 
threatened to halt production. The circumstances were aggravated by Petrobras, which 
not only reduced its alcohol stocks but caused problems with alcohol producers, who 
complained about the gap in product prices. These factors caused a stagnation in both 
sugarcane and bioethanol production, whilst consumption grew by 12%. It can be seen 
in Figure 55, that production declined sharply in 1986, in response to the cut back of 
subsidies, and the result was a shortage in supply in 1987. Despite measures taken by 
the Government to alleviate this situation, there were lines at the filling station again in 
1990 due to a new shortage of alcohol. Ironically, Brazil was forced to import 
bioethanol and turn to bioethanol blends to keep cars on the road (Moraes and 
Rodrigues, 2006; Sandalow, 2006). 
With regards to the production and purchasing of E100 cars, in can be observed in 
Figure 56 that in 1984, at the beginning of Stage Three, consumers and manufacturers 
clearly approved of cars run on bioethanol. In 1984, bioethanol-only cars accounted 
for 73% of the market, rising to 75% in 1985 and 76% in 1986, at the peak of success 
for this vehicle type. However, as Figure 56 demonstrates, this upward trend ended 
when high global sugar prices led to the crash in availability of fuel alcohol in 1987, 
which resulted in a consumer shift away from E100 vehicles. Sales immediately 
dropped to 56% of the market and in 1989, at the end of Stage Three, E100 cars 
accounted for only 47% of the market (Bacovsky et al., 2009). Moraes and Rodrigues 
(2006) believed this gives evidence to the fact that consumers react immediately to the 
incentive and disincentive policies, as sales trends for the different products would 
revert in a few months, indicating the importance of the consumer for the success of the 
programme. 
Stage Four: 1990 - 2002 
Following the supply shortages at the end of Stage Three, which deeply impacted 
suppliers' credibility, as well as the decline in federal support, ProAlcool declined 
throughout Stage Four. With the end of subsidies and other incentives in Stage Four of 
the Programme, the use of hydrated bioethanol diminished drastically. Overall 
bioethanol production dropped drastically, by 36%, from ca. 15.5 BLit at its peak in 
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1997 to ca. 10 BLit in 2001. However, due to the strong Government mandate some 
production continued throughout this period, although this was mainly anhydrous fuel, 
which could only be used in E 100 vehicles and for which subsidies were rescinded. 
The lack of Government support and the decline in consumer confidence significantly 
affected the car market. After reaching a peak of almost 76% of the overall car market 
in Stage Three, E100 vehicles dropped to 11% in the 1990s; and between 1997 and 
2001 sales remained below 1% of the market. Car manufacturers quickly increased 
production of petrol cars, although these could still run on a 20% bioethanol fuel mix. 
Stage Five: 2003 to present 
Stage Five saw a huge revival of ProAlcool with the introduction of tax breaks for 
FFVs. Their subsequent market penetration indicated reignited consumer confidence -
it is clear from Figure 55 that FFVs have been the main driving force behind the 
increase in domestic consumption of bioethanol in recent years. In 2003, bioethanol 
production was 14.8 BLit; however, in the 2008-2009 harvest, this reached 27.5 BLit —
an increase of 85%. Whereas the 1990s saw a shift towards anhydrous bioethanol, the 
2000s have seen a swing back to hydrous bioethanol production because FFVs can be 
filled with hydrated bioethanol regardless of the amount of petrol in the fuel tank. Due 
to the success of FFVs, it is predicted that the domestic market of bioethanol will reach 
almost 35 BLit in 2015 and 50 BLit by 2020 (Walter and Dolzan, 2009). 
Due to the larger price differential between bioethanol and petrol, sales of neat 
bioethanol cars rose again in the early 2000s but only to a maximum of 3% of the 
market (in 2004) before representing less than 1% of the market in 2008. On the other 
hand, after the advent of FFVs, there has been a boom in car sales powered to run on 
bioethanol. Rothkopf (2007) noted that a key innovation in the Brazilian flex 
technology was avoiding the need for an additional dedicated sensor to monitor the 
bioethanol-petrol mix, which made the first US FFVs too expensive; in essence, 
Brazilian consumers could afford to purchase FFVs. Between 2003 and 2008, the 
production and sales of FFVs increased by 4880%, and represented 78% of the car 
market in 2008, compare to petrol's 21%. Indeed, the success of policy mechanisms for 
FFVs has led some car manufacturers to announce plans to extend the technology for 
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the production of all light vehicles in Brazil (Xavier, 2007). However, the rapid 
adoption of the flex technology was not due to Government policies alone, but was also 
facilitated by the fuel distribution infrastructure already in place - around 27,000 
biofuels' filling stations were available across the country in 1997, a heritage of 
ProAlcool. By October 2008, this had reached 35,000 fuelling stations. 
As a consequence of these actions, the bioethanol industry now enjoys widespread 
political support once again, taking credit for more than 1.8 million jobs. Consequently, 
unlike ProAlcool's early days, today the bioethanol programme does not rely on any 
Governmental pricing mechanisms; there are currently no production subsidies and no 
indirect costs paid by other sectors. The Government's main intervention is the 
aforementioned requirement for all petrol sold to contain a minimum percentage of 
bioethanol. However, in 2006, as bioethanol prices reached record highs again due to 
sharp increases in global prices for refined sugar, the Government reduced the mandated 
blending ratio from roughly 25% to 20%. Nevertheless, Sandalow (2006) reported 
that possible supply shortages are now looming, as sugarcane growers divert bioethanol 
feedstock to the refined sugar market; moreover, with oil prices also reaching record 
highs, market analysts differ with regards to the likely growth trajectories that Brazil's 
bioethanol industry will have in the months and years ahead. 
7.2.4 Biodiesel 
In 2004, the Brazilian Government implemented the National Programme of Biodiesel 
Production and Use (PNPB). The targets of the programme are: 
I. Generating jobs and income in rural areas; 
II. Reducing regional inequalities; 
III. Contributing to foreign-exchange savings; and 
IV. Environmental improvement. 
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The key support mechanisms utilised by the Government to encourage biodiesel since 
2004 are: 
I. 	Mandate: In 2004, it was defined that B2 blends (2% biodiesel) would be 
mandatory countrywide from January 2008; thus between 2004 and 2007, B2 
blends were utilised ahead of this target. In July 2008, this was increased to 
B3 blends and enlarged further to B4 blends in July 2009. In January 2013, 
the mandatory mix will increase to B5 (5%) but Walter and Dolzan (2009) 
reported that this target will be brought forward to 2010. Higher biodiesel 
blends or even B100 can be used but only if authorised by the Petroleum, 
National Gas and Biofuels National Agency (ANP) (Walter and Dolzan, 
2009). The blends levels used in the country since the conception of PNPB are 
shown in Table 19. 









11. 	Involvement of Petrobras: Petrobras is the main agent for biodiesel blends, 
with programmes intended to induce production of raw materials for biodiesel 
in the poorest regions of Brazil, as well as the development of the latest 
technology. Petrobras is also responsible for the enlargement of production 
capacity and has three industrial units with a total capacity of production of 
170 MLit of biodiesel per year. In 2008, it was reported that more than 10 
units could, be built up to 2012, with an additional 850 MLit (Walter and 
Dolzan, 2009). 
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III. Tax incentives: The engagement of small farmers and producers of the poorest 
regions in the biodiesel value chain has been fostered by means of tax 
incentives, which are granted to firms purchasing oil-producing crops grown 
by these. Total or partial tax exemptions are granted to biodiesel producers 
that support family farming whereas producers that acquire raw material from 
family farmers anywhere in Brazil are eligible to a reduction of up to 68% in 
federal taxes. If these purchases are made from family-based producers of 
palm oil in the North Region or of castor oil in the Northeast and in the Semi-
Arid Region (Northeast and Centre regions), the reduction may reach 100%. 
However, if producers are not family farmers, the maximum reached is 31% 
(Walter and Dolzan, 2009). 
IV. Certification: In order to qualify for tax benefits, biodiesel producers must 
hold a certificate, referred to as a Social Label. The Ministry of Agrarian 
Development (MDA) issues a Social Label to biodiesel producers provided 
that they meet the following requirements: 
Purchase minimum percentages of raw materials from family farmers 
(10% in North and Mid-West regions, 30% in South and Southeast 
regions and 50% in Northeast and Semi-Arid regions); and 
Contracts with family farmers establishing deadlines and conditions of 
delivery of the raw material (including prices) and provision of technical 
assistance to the family farmers (Walter and Dolzan, 2009). 
7.2.5 Policy Effectiveness: how have policies implemented affected market 
development? 
Figure 57 illustrates the production of biodiesel for the years 2004 to 2009; as all 
biodiesel produced in the country is for domestic purposes it can be assumed that this is 
fairly representative of consumption levels. It can be observed that biodiesel production 
commenced in 2005 following the announcement in 2004 that a mandate would be 
implemented. Subsequently, between the years 2004 and 2008 (when no mandate 
existed) production increased from 0 to 1200 MLit, an increase of 1200%; however, 
following implementation of the federal mandate, production increased by a further 
60% to 1920 MLit. Considering that total world production in 2008 was roughly 12 
248 	 
BLit, Brazil accounted for roughly 2% of this and was the fifth largest producer after 
Germany (2.2 BLit), the US (2.0 BLit), France (1.6 BLit) and Argentina (1.2 BLit). 
The successfulness of the mandate for biodiesel is evident in these statistics. 
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Source: Jeffrey (2010), statistics compiled from Walter and Dolzan (2009) 
SECTION ONE (B): IMPLEMENTATION 
7.3 	POLICY IMPLEMENTATION 
The author was unable to conduct an analysis of policy implementation for Brazil in the 
manner that was conducted for the UK and US, as both the UK and US cases examined 
the percentage of biofuels in the total fuel market in relation to percentage targets; 
statistics which are not relevant nor available for Brazil. Nevertheless, there are some 
interesting statistics available within the literature pertaining to this. For example, 
Moraes and Rodrigues (2006), in consideration of the participation of fuel alcohol in the 
total consumption of liquid fuels, stated that in 1975, alcohol represented 0.2% of the 
total fuel market; however, in just ten years, by 1985, this ratio had grown to 12.4%. 
This is much higher than exists in the UK or US today. Another interesting statistic for 
comparison is that in 2005, Brazil produced 4,277 MGa1 of bioethanol and the US 
produced 4,264 MGa1, almost equal amounts; however, in terms of biofuels market 
shares, the difference is striking - in the US, bioethanol supplied only 3% of total motor 
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fuel consumed in 2005, whereas in Brazil it supplied 40% (Xavier, 2007). Thus, not 
only has the country's dependence on imported petroleum lessened but the overall 
consumption pattern has also modified in favour of renewable resources (Moraes and 
Rodrigues, 2006). For such reasons, as well as the fact that bioethanol production and 
consumption has consistently responded to political incentives, Brazil is classed as 
having effective policy implementation. 
SECTION Two: BIOFUELS DISTRIBUTION, BLENDS, FEEDSTOCK AND TRADE 
7.4 	BIOFUELS DISTRIBUTION 
7.4.1 How have policies implemented affected which types of fuels are consumed? 
As with the US, the distribution of biodiesel and bioethanol production and 
consumption in Brazil is highly disproportionate due to the 30-year head-start of the 
ethanol industry. However, for comparative purposes, Figure 58 illustrates the 
production of bioethanol versus biodiesel for the years 2004 — to 2009 (the years for 
which a biodiesel industry has existed). As will be illustrated in subsequent sections, 
about 80% of bioethanol production is for domestic consumption and about 20% for 
exports. 	With regards to biodiesel, all domestic production is for domestic 
consumption. Considering these statistics, it can be calculated that in 2008, for 
example, bioethanol accounted for 94% of the market; whereas biodiesel accounted for 
6%. In 2009, bioethanol accounted for 92% of the domestic consumption market and 
biodiesel 8%. 
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Figure 58: Production of Bioethanol vs. Biodiesel, 2004-2009 
Source: Jeffrey (2010), statistics compiled from UNICA (2009) and Walter and Dolzan 
(2009) 
For comparative purposes, Figure 59 illustrates the growth rate of bioethanol and 
biodiesel in the first six years of their respective industries and subsequent to the initial 
implementation of policy for these fuels, the most important of which is the fuel 
mandate. It can be seen from this that although bioethanol in much greater in terms of 
volume amounts, the trend in growth rate of market development as a response to policy 
is fairly similar between the two fuels. 
251 	 
Figure•59: Bioethanol Production vs. Biodiesel Production; Year One to Six of Industry 
Source: Jeffrey (2010), statistics compiled from UNICA (2009) and Walter and Dolzan 
(2009) 
7.5 	BIOFUELS FEEDSTOCKS 
7.5.1 How have policies implemented affected which feedstocks are used? 
Bioethanol 
Sugarcane is a traditional crop in Brazil and has been cultivated domestically since 
1532. Indeed, it was actually one of the first commodities exported to Europe by the 
Portuguese settlers. Brazil therefore had ample experience with this feedstock prior to 
the ethanol programme, meaning using this to produce bioethanol in the 1970s was a 
logical choice. A number of other factors also influenced this; for example, the low cost 
of sugar in the 1970s, as well the existing idle capacity for distilleries at the sugar 
plants, where bioethanol could be obtained as a by-product of sugar mills. Brazil also 
has favourable growing conditions for this feedstock, such as climate, rainfall and land 
availability; as well as a cheap work force. Consequently, since the 1970s, all 
bioethanol production in Brazil has been based on sugarcane, which remains the only 
feedstock utilised in the country (Rosillo-Calle and Cortez, 1987; Walter et al., 2005; 
Walter and Dolzan, 2009). 
252 	 
Whereas the previous two chapters stated that reliance upon one feedstock is potentially 
problematic and limiting the development of the biofuels sector, the choice of one 
feedstock in Brazil is actually one of the main reasons for its success. Indeed, Xavier 
(2007) reports that Brazilian bioethanol from sugarcane is actually the first renewable 
fuel to be cost-competitive with petroleum fuel for transport. Sugarcane has several 
advantages as a crop for fuel including its highly favourable energetic balance when 
compared with other bioethanol sources (such as corn in the US). Moreover, under 
growing conditions in Brazil, sugarcane's productivity is roughly twice that of corn-
based bioethanol in the US (see Table 20, below). As long as raw material accounts for 
roughly 60% of production costs, the comparative advantages of sugarcane are crucial 
to the commercial feasibility of Brazilian bioethanol. 




Quantity of Product 
(litre of bioethanol) 
Quantity Bioethanol 
per hectare 
Sugarcane 85,000 12 kg 7,080 litre 
Corn 10,000 2.8 kg 3,570 litre 
Source: Xavier (2007) 
Biodiesel 
Walter and Dolzan (2009) reported that the PNPB was conceived in order to foster the 
production of biodiesel from different raw materials, such as palm oil and babassu in the 
North region, castor oil and cottonseed in Northeast region, sunflower and peanuts in 
the South and soybeans, as well as residual oil and fats in the Southeast and Centre 
regions. However, Brazil is one of the largest soybean producers in the world, the 
production of which comes from plantations located mostly in the Central and Southern 
regions (47% and 36% respectively); therefore the bulk of biodiesel production has been 
based on this feedstock. The Brazilian Government states that the share of soybean oil 
is close to 70% whereas Walter and Dolzan (2009) reported that more than 80% of the 
biodiesel production comes from this feedstock, with critics of the biodiesel programme 
stating that it could be as high as 90% or more. The remaining feedstocks are roughly 
10% from sunflower, 7% from residual oil and fats and 3/4% based in raw materials 
such as castor, palm and babassua (Figure 60). 
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Figure 60: Proportion of Biodiesel Feedstocks 
Source Jeffrey (2010), statistics compiled from Walter and Dolzan (2009) 
7.6 	BIOFIJELS TRADE 
7.6. I Imports vs. Domestic: how have policies implemented affected biofuels trade? 
In this section data pertaining to biofuels trade; both imports and exports, are presented. 
However, statistics in this regard are limited and difficult to obtain, as much of this 
information was lost following the deregulation of the industry and the closing of the 
administrative bodies in charge of ProAlcool (such as IAA) in the 1990s. Nevertheless, 
from reading the academic literature the author is able to gauge a general trend with 
regards the trade situation as it stands for Brazilian bioethanol today. No biodiesel is 
either imported or exported because the production of biodiesel in Brazil is a new event 
and all efforts are currently concentrated on assuring the supply of the growing 
domestic market; thus, in the short- to mid-term there is no real prospect that Brazil 
could be an exporter of biodiesel. Walter and Dolzan (2009) reported that the 
hypothesis of being an importer is also not effective, as in case of drawbacks with 
domestic production the easiest alternative would be slowing down the introduction of 
biodiesel to the market. The Brazilians wish to secure their domestic market before 
offering biodiesel to the international market; a logical policy choice given energy 
security and climate mitigation goals. 
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Bioetlianol 
Figure 61 illustrates the trade situation for Brazil, for the years 1970 to 2009, whereas 
Figure 62 illustrates exports by region, for the years 1999 to 2008. One of the initial 
goals of ProAlcool was to reduce dependence on external energy markets and over their 
thirty-year history and overall, this has successfully been achieved. Indeed, as a result 
of the wealth of experience with bioethanol fuel, Brazil is now an international player in 
world trade and many countries are dependent upon it for their fuel supply (as 
demonstrated in the two preceding chapters). However, Brazil's domestic market has 
nearly always (and still does) utilise the single largest portion of fuel bioethanol 
capacity in the country (Neeft et al., 2007). According to Xavier (2007) about 80% of 
the country's total bioethanol production (sugarcane) is for domestic consumption, 
whereas about 20% is for export; as far as the author can tell, Brazil currently imports 
no bioethanol. The success of domestic production over the years has meant that the 
country has nearly always been able to supply demand. However, following the 
problems experience in Stage Three and Four of ProAlcool, which resulted in the 
withdrawal of many subsidies and a decline in production, Brazil was forced to import 
ethanol for its fuel needs (see Figure 61). For example, the Brazilian Government had 
to import bioethanol fuel from Europe and Africa during the 1990-1991 supply 
shortage, when it is reported that bioethanol production stagnated at 12 BLit and 
domestic production could no longer keep pace with the increasing domestic demand 
required by the significant E 1 00 fleet. Additionally, imports were once again necessary, 
between 1993-1997, when international sugar markets were favourable for exports. 
This resulted in sugarcane being diverted away from bioethanol production and causing 
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Figure 61: Imports and Exports of Bioethanol. 1970-2009 
Source: Walter and Dolzan (2009) 
With regards to exports, De Moraes and Rodrigues (2006) reported that in May 1980, 
alcohol-fuelled car production targets were so far behind that hydrous alcohol stocks 
increased to the point of exceeding warehousing capacity. Industry responded by 
liberating these stocks for exportation to Japan and the US; however, large-scale exports 
of bioethanol from Brazil are a relatively new event, as can be seen in Figure 62. 
Walter et a/. (2005) reported that this increase in exports is being driven by demand 
from abroad from regions such as the EU, due to rising oil prices, Kyoto commitments 
and environmental concerns. Indeed, according to Bacovsky et al. (2009) Brazil 
currently accounts for more than 90% of the global export market. It can be seen from 
Figure 62 that since 2000, Brazilian exports of bioethanol have risen steadily; however, 
in 2004, exports increased by 218%, from 757.4 MLit in 2003 to 2.4 BLit in 2004. In 
2008, this had increased to 5.1 BLit of bioethanol offered for export, from a total of 
27.5 BLit overall production; representing 18.5% of overall domestic production. 
However, Walter and Dolzan (2009) further reported that exports dropped in 2009 -
from January to July exports were recorded to about 1.9 BLit, which is aboUt 75% of 
the amount exported in 2008 in the same period. The reduction is apparently due to 
lower international petroleum prices and a drop in direct imports to the US 
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This rising demand for exports is actually driving an increase in domestic production 
capacity and it was recently reported by UNICA that there are plans to open 77 new 
bioethanol plants by 2013, adding to the existing 248 plants already in use (Neeft et al., 
2007). When complete, this will raise the country's production capacity to about 35.7 
BLit. Xavier (2007) further reported that by the end of 2010, Brazilian companies are 
expected to invest about $10 billion in dozens of new sugar mills to boost bioethanol 
production for this purpose, including a doubling of exports. 
Figure 62: Bioethanol Exports by Region, 1999 — 2008 
Source: Jeffrey (2010), statistics compiled from the Secretariat of Foreign Trade and 
Walter and Dolzan (2009) 
7.6.2 Export Destination Countries 
Figures 63 and 64 illustrate the countries for which exports were destined, for the years 
2004 and 2008, respectively. These statistics illustrate that the two main destinations 
for Brazilian exports of bioethanol in 2004 were India (23.1%) and the US (20.2%). In 
the case of the Caribbean and Central American countries, the majority of this was 
actually headed for final a destination in US market; as previously discussed in Chapter 
Six, the Caribbean Basin Initiative allows imports from these countries with no duties 
for up to 7% of the US market (Walter et al., 2005). In 2008, the two main countries for 


















an additional 12% (1.2 BLit) should have reached the US through Jamaica, El Salvador, 
Trinidad and Tobago; Virgin Islands, Costa Rica and other countries once again taking 
advantage of the Caribbean Basin Initiative (Walter and Dolzan, 2009). 
Figure 63: Bioethanol Exports by Country (2004) 
Source: Jeffrey (2010), statistics compiled from UNICA (2009) and Walter and Dolzan 
(2009). 
SECTION THREE: SUSTAINABILITY 
7.7 	SuS AI\ ABU TY PROFILE 
Brazil's domestic market is predicted to flourish in the years ahead and Brazil will 
continue to be a key producer in the global bioethanol market. However, environmental 
issues associated with the sector still need to be properly addressed, as fuel ethanol is 
only justifiable if its production is effectively sustainable - but there are still knowledge 
constraints and controversy surrounding many crucial issues. Following the same 
methodological approach as the previous two case studies, this section explores three 
areas of sustainability, namely, GHG emissions, land use change and water 
consumption, with the intention of offering some evidence towards this debate. 
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7.7.1 Sustainability Indicator One: GHG Emission Reduction 
The biofuels feedstock achieves >: 40% GIIG- emissions 
SI I 
reduction (as compared to .fossil fuel counterpart) 
A number of studies have been conducted in recent years into the GHG emissions 
associated with biofuels (for example, see Searchinger et al. (2008), the UK RFA 
(2008a), Cherubini et al. (2010) and Gnansounou et al. (2009)). The majority of these 
surmise that Brazilian sugarcane bioethanol is the most sustainable and environmentally 
sound biofuel in use today and that the production lifecycle of this feedstock offers 
Brazil the highest GHG emissions savings when compared to any other fuel — but what 
are the direct and indirect GHG emissions saved for this fuel? It is imperative that this 
be assessed not only for domestic production but also because many countries, 
including the UK, now rely upon this fuel for domestic consumption. 
From. reading the academic literature it is apparent that once again there are a range of 
results on the predicted reduction of GHG emissions achieved by Brazilian sugarcane 
bioethanol. These are nowhere near as extreme as the examples offered in the previous 
two chapters. Moreover, the commentaries appear to agree on one conclusion — that 
Brazilian sugarcane bioethanol is the most efficient and environmentally-sound biofuel 
currently under commercial production when considering GHG emissions compared to 
petrol from all feedstocks. Figure 65 illustrates the various estimates of GHG emissions 
saved with sugarcane bioethanol from different academic studies. For example, the IEA 
(2004) reported that Brazilian sugarcane bioethanol has the potential to save direct GHG 
emissions by ca. 84% compared with consumption in an equivalent amount of petrol -
this figure is actually higher than some estimates for SG technologies. Smeets et al. 
(2006) reported similar savings, with a reduction in the range of ca. 85 to 90%. 
Subsequently, Walter et al. (2008) put forward that the balance of GHG emissions from 
Brazilian sugarcane bioethanol is among the best in the world, further stating avoided 
emissions compared to petrol are close to ca. 86% given the way that bioethanol is used 
in Brazil (and considering full life-cycle analysis), as long as no indirect emissions due 
to land-use change.66 The Gallagher Review (UK RFA, 2008a) further reported that 
66  They also reported that if Brazilian sugarcane bioethanol was utilised in the EU, this would reduce emissions to 



































Brazilian bioethanol achieved excellent GHG emissions savings due to very high yields 
and energy self-sufficiency using bagasse for heat and power in petroleum plants; their 
estimates were ca. 71%. These figures are all significantly higher than the > 40% GHG 
emissions saving of SI I, a very positive result for the Brazilian bioethanol industry. 
Figure 64: WTW GHG Emissions Reductions Assigned to Sugarcane Ethanol, by 
Literature Source 
However, except for Walter et al. (2008), it is unclear if these studies include or exclude 
indirect land-use calculations, which once accounted for, could significantly reduce the 
GHG emissions saved. The final literature source indicated in Figure 65 — UNICA —
takes into account indirect land-use changes and presents a figure of 60%, which is 
more than 20% below the estimates of the IEA or RFA. It is not possible based upon 
currently available evidence to evaluate indirect GHG emissions effects with certainty, 
as although research on net GHG reductions has progressed significantly (and is still 
progressing), it is still far from conclusive and there is a lack of an agreement on the 
methodology to account for indirect impacts of land-use change (as highlighted in 
previous chapters). But what is certain is that if biofuels lead to indirect land-use 
change, there is generally a significant net reduction in GHG emissions. Nevertheless, 
the evidence from these studies estimates that the potential GHG emissions saved with 
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Brazilian sugarcane bioethanol are unmatched by any other biofuel produced with 
existing technology and is comparable to those predicted with SG technologies.67 
7.7.2 Policy effectiveness: how have policies implemented affected GHG emissions 
reductions in Brazil? 
From reading the available literature, it would appear that Brazilian policy does not 
specify that feedstocks implemented should attain a certain level of GHG emissions 
reduction in the manner of the UK RTFO or the US EISA07. However, policies 
implemented in Brazil have specifically encouraged sugarcane as the sole feedstock for 
the production of bioethanol and any GHG emissions saved resulted from this process. 
A review of the GHG emissions savings for the entire lifecycle of this fuel indicate that 
between 60% to 86% direct GHG emissions savings are possible, as compared to petrol. 
This is significantly higher than the > 40% target of SI I and provides evidence backing 
the claims that this feedstock is the most sustainable and environmentally sound in 
terms of climate change mitigation (from currently available FG technologies). For this 
reason, Brazilian sugarcane is recognised as 'sustainable' in terms of the GHG 
emissions it saves when used in domestic consumption. However, it cannot be ignored 
that GHG emissions associated with land use change are not accounted for in these 
results and although it is reported that these are minor with Brazilian sugarcane 
bioethanol, given that there is still no guaranteed methodology in this regard, these 
cannot be completely discounted here. 
This thesis is, in part, attempting to correlate the GHG emissions saved to the successful 
policy mechanisms that have encouraged their use and whilst is it true that policy 
instruments in Brazil have encouraged sugarcane as the dominant feedstock, the author 
recognises that suitable domestic conditions and the country's extensive experience 
were important in the development of this feedstock rather than the sole influence of 
policy. Moreover, the GHG emissions savings are not verified by any sort of 
sustainability framework or certification, which could mean that un-reputable sources 
are being used. A policy change is required which focuses on specific feedstocks and 
sustainability criteria if climate change mitigation goals are to be achieved. 
67  For example, some estimates place GHG emissions savings with lignocellulosic materials and production pathways 
between 80% to 95% (Jungmeir et al., 2007; Cherubini et al., 2009). 
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7.7.3 Sustainability Indicator Two: Land-Use Change 
SI U 
Evidence that the feedstock in question is not being grown on 
land previously used for other food crops or land with high 
biodiversity value 
Discussed previously in this thesis, land use change is one of the main concerns 
regarding the sustainability of biofuels production and focus of SI II. For example, the 
production of bioethanol in Brazil could potentially have negative impacts on 
biodiversity and land use either directly, i.e. through the conversion of undisturbed land 
to sugarcane production, or indirectly, i.e. through indirect impacts on land-use patterns 
(Smeets et al., 2006). Keeping with the objectives of SI II, the subsequent section is 
therefore devoted to the analysis of how the enlargement of sugarcane production for 
bioethanol purposes in recent years has directly affected land use patterns in Brazil; by 
examining the growth of sugarcane production and identifying where the enlargement 
has occurred. 
Evolution of land-use in Brazil 
Figure 66 presents the evolution of land-use in Brazil from 1970 to 2006.68 The total 
arable land69 occupied with crops, pastures and forests in 1970 was 246 Mha, which 
equates to 29% of the total land area of the country; however, in 2006, this had 
increased was 345 Mha, which equates to 41% of the total land area. Within this 2006 
arable land, 76.7 Mha was occupied with different crops (22% of the total arable land), 
172.3 Mha with pastures (49%) and almost 100 Mha with forests (29%). Within the 
crop land, in 2006, more than 22 Mha were planted with soybeans, about 13 Mha with 
corn and 6.2 Mha were planted with sugarcane — thus in 2006, sugarcane crop only 
accounted for less than 10% of the cropland and about 1.8% of the total arable land, 
which academics report does not pose an unsustainable use of this resource Walter et 
al., 2008). 
68 The figure is based on data of the last six agricultural surveys done by 1BGE (Instituto Brasileiro de Geografia e 
Estatistica). 





Figure 65: Evolution of Land Use in Brazil, 1970-2006 
Source: Walter et al. (2008) 
Nb: The group 'forests' corresponds to the land occupied with natural vegetation, permanent preserved 
areas, areas of legal reserve and reforestation 
Land used for sugarcane and bioethanol 
There are no specific analyses of land-use changes occurring as a result of bioethanol 
production for years past; however, there are land-use statistics pertaining to sugarcane 
as a whole. Figure 67 shows the growth of sugarcane production for sugar and ethanol 
from the harvest season 1990-91 to 2007-08. It can be seen from these statistics that in 
the early 1990s, the majority of sugarcane production was diverted to ethanol, however, 
this has reduced dramatically over the years and over the last five harvest seasons about 
half of sugarcane was used for sugar and about half for ethanol production. More 
recently (2008), around 51% of the sugarcane harvest is used for ethanol production 
(Walter and Dolzan, 2008). Considering this percentage one can surmise that ethanol 
production utilises 0.9% of total Brazilian arable land, a minor amount. However, it is 
important in the context of SI II to consider the location of land-use change, as although 
ethanol might only account for a minor amount of arable land, this may still be 
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Figure 66: Sugarcane Used for Ethanol Production vs. Sugar, 1990-91 to 2007-08 
Source: Statistics compiled from Walter and Dolzan (2009) 
Walter et al. (2009) examined direct land use change due to the expansion of sugarcane; 
the results of which can be seen in Figure 68. Their results indicate that between 1996 
to 2006, almost 90% of the enlargement of sugarcane was in four states (Sao Paulo, 
Minas, Parana and Goais); with bulk of new sugarcane areas in the SE region in the 
State of Sao Paulo, where a significantly greater increase in sugarcane areas is evident. 
In terms of previous land use, these authors reported that in all four states, there was 
significant phasing-out of pasturelands and growth in forested areas to compensate for 
any land use change. Moreover, except for Sao Paulo, both the growth of forested areas 
and the reduction in pasturelands were larger than the growth of sugarcane area. Walter 
et al. (2005), Goldemberg et al. (2007) and Walter et al. (2008) commented that of the 
land use change in Sao Paulo, where the majority was seen, sugarcane expansion 
occurred mainly on land previously used for cattle feed and thus not pressuring 
biodiversity or food crops; although it was reported that sugarcane did displace some 
other food crops in Sao Paul — soybeans (18%), corn (5.3%) and oranges (5%) and that 
1.4% of the enlargement was on previously idle land. However, these authors 
concluded that this was not a significant amount of change to cause concern. Smeets et 
al. (2006) further supported this, stating that the direct impact of sugarcane production 
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on biodiversity is limited because cane production replaces mainly pastures and/or food 
crops and takes place far from major biomes, concluding that there are still large areas 
of pastureland available for the expansion of ethanol. Moreover, in order to allow soil 
recovery, a rotation system is used for the sugarcane crops; during every harvesting 
season, 20% of the sugarcane crop is removed and replaced with other crops like beans, 
corn, peanuts etc, a practice which is implemented throughout the country and 
significantly reducing land use change effects. 
Figure 67: Land-Use Change of Sugarcane Areas in Main Producer States, 1997-2006 
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Indirect Land-Use 
It is beyond the scope of this research to evaluate indirect land-use effects due to 
sugarcane production for ethanol. However, it should be mentioned that although the 
evidence above indicates that the direct impacts of cane production of bioethanol are 
limited, Smeets et al. (2006) and Walter et al. (2005) both report that indirect land use 
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change could be substantial because expansion is occurring the Cerrado region, which is 
an important biome and biodiversity reserve, although these indirect effects are difficult 
to quantify and there is a lack of information in this regard. These authors concluded 
that the potential impact of indirect effects in these areas could be considered a major 
bottleneck for sustainable cane production in Brazil and could affect the overall 
sustainability profile for this country. 
Policy effectiveness: How have policies implemented affected land use change? 
The analysis herein indicates that Brazil has had, and will continue to have, enough land 
available for the expansion of sugarcane for ethanol production — of the total available 
375Mha of arable land, sugarcane for ethanol only accounts for ca. 3-4 Mha, which 
equates to ca. 1%. Thus in light of SI II, Brazil is considered fairly sustainable, as it is 
not significantly displacing crops at the expense of fuel. However, the evidence in the 
literature indicates that indirect land use change still needs to be monitored, particularly 
in regions such as the Cerrado Biomes Area (the ecosystem in the Centre region of 
Brazil). This indicates that additional research is needed to assess both direct and 
indirect land use impacts of bioethanol production in the future. A policy shift is 
required towards a framework in which sustainability criteria for land-use are included. 
7.7.4 Sustainability Indictor Three: Water Use Impacts 
Evidence or the demand for water from the local 
SI III 
supply by biothels production and refining 
Brazil stands out for its great abundance of water resources both on the surface and in 
water tables; Brazil has 50,000km2 of its 8,514,215km2 surface covered by fresh water 
(rivers and lakes etc) (Moreira, 2007). Brazil's Centre-West and South regions also 
encompass a large portion of the Guarani Aquifer, which is one of the world's largest, 
covering an area of approximately 1,200,0002 and holding roughly 40,000km3 of water 
(the equivalent to the world's annual runoff). Thus, due to its huge availability and its 
low per capita use, Brazil is in a privileged position with regards to water availability. 
However, it is still, imperative that the bioethanol industry in Brazil uses this natural 
resource sustainably without causing water shortages elsewhere, a fact underscored by 
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the higher concentration of sugarcane production facilities in some regions, as well as 
the size of many factories in some densely populated areas. With this in mind, SI III 
examines water consumption in relation to the lifecycle of bioethanol in Brazil. 
Impact Assessment 
In general, experts report that there is sufficient water available to supply all foreseeable 
long-term requirements within Brazil; however, local water shortages can occur as a 
result of various water using and water polluting sectors (i.e. agriculture, industry) 
and/or cities and the uncontrolled use of water. No detailed information is readily 
available that identifies which areas water shortages occur, and the contribution of sugar 
cane and ethanol production to these shortages (Smeets et al., 2006). From the 
available evidence presented in the literature it appears that environmental concerns 
associated with water consumption during the production of sugarcane ethanol are 
minimal, especially in comparison to other crops (Walter et al., 2005; Moreira, 2007; 
Walter and Dolzan, 2009). 
As highlighted in previous chapters, there are two main types of water use with regards 
to the production of ethanol. The first concerns water consumption during cane 
production (agricultural phase) and the second, water consumption during the 
conversion of cane to ethanol (industrial phase). With regards the agricultural phase in 
Brazil, sugarcane plantations are generally not irrigated, implying low water 
consumption (Walter et al., 2005), although Smeets et al. (2006) warns that the use of 
artificial irrigation is increasing under certain circumstances. As an example, the total 
rainfall required by sugar cane is estimated at 1500-2500 mm/y, which should be 
uniformly spread across the growing cycle (Macedo, 2005). The annual rainfall in Sao 
Paulo is roughly 1000-2500 mm/y, indicating that rainfall is generally sufficient to 
supply natural irrigation, i.e. increasing during the summer and decreasing during the 
winter; although it can be a limiting factor for sugar cane crop production under certain 
conditions (Walter et al., 2008). Therefore whilst it is generally accepted that rainfall 
for crop production is sufficient, problems may occur in times of low rainfall if un-
regulated irrigation occurs. For example, irrigation has been used during: a) the 
planting process in dry seasons, assuring survival of stems sprouts; b) ferti-irrigation 
using industrial residues; and c) complementary irrigation employed for overpass small 
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droughts, as well as to fulfil requirements at the beginning or at the end of its growing 
cycle. This could become even more prominent and more of a concern given climate 
change influences upon the water cycle. Moreover, Smeets et al. (2006) warn that an 
increase in the demand for sugarcane for both ethanol and food, has led to the 
exploitation of dryer regions west of Sao Paulo whereas Walter et al. (2008) reported 
that the water balance in some river basins such as the Piracicaba, Capivari and Jundiai 
system, deserve special attention because the region is highly populated and due to the 
fact the region is highly surrounded by sugarcane fields. Such concerns need to be 
monitored if problems are not to occur in the future. 
During the industrial phase, water consumption is considered to be very high, as large 
quantities of water are used during the conversion of cane to ethanol; for this reason, the 
ethanol industrial process is traditionally taken as the most detrimental phase of the 
entire cycle in terms of water quantity and quality, especially in some over 
industrialized and over populated water basins (Walter et al., 2008). Whilst this does 
not currently pose a problem in Brazil, it is absolutely necessary to control and reduce 
it. For example, total water use is calculated to be 21/m3/t cane, of which 87% is used 
in four processes: cane washing, condenser/multijet in evaporation and vacuum, 
fermentation cooling and alcohol condenser cooling. Smeets et al. (2006) reports that 
as a result of legislation" and technological progress, the amount of water collected for 
ethanol production has decreased considerably in recent years through, for example, 
new techniques such as recycling the water used for cane washing is reducing the 
overall water consumption. Other experts such as Macedo (2005) report that it seems 
possible to reach a 1 m3/t cane water collection and (close to) zero effluent release rates 
by further optimisation and water recycling. Moreover, in September 2008, the largest 
equipment supplier for sugarcane mills in Brazil, stated that hereafter it would be 
possible to cease water intake in sugarcane mills altogether and, depending on the 
technology applied, it would even be possible to have surplus of water (0.3 m3/t of 
cane, according to the company). Self-consumption of water (i.e. water intake nil) 
would be possible with dry-cleaning of sugarcane, as well as recovery of condensates 
70  In brief, there is an extensive framework related to water use in Brazil and Sao Paolo, including, inter alia, the 
billing of water for agricultural industries to reduce consumption rates. For example, legislation has been 
implemented based on the user/polluter-pay principle: the user/polluter pas dependent on the amount and quality of 
water collected and released. This principle is applied throughout all economic sectors of Brazil however, and it not 
specific to the bioethanol industry. Information in this regard is scarce (Smeets et al, 2006). 
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along the process. Surplus water would be possible with recovery of water from the 
vinasse, through its thermal concentration (FAPESP, 2008). The advantage in this case 
would be surplus water availability, but the energy demand in the industrial would be 
enlarged (Walter et al., 2008). 
Despite these facts, the impact of biofuels production on overall water consumption 
depends largely upon local water availability and the location of cane crops and 
production facilities. Brazil can be divided into eight major water basins; see Figure 69. 
Areas marked in red on Figure 70 indicate where sugarcane is harvested and sugar, 
ethanol and bioelectricity plants are located (UNICA, 2009). The most important sugar 
cane producing regions in Brazil are situated in South-Central Brazil, the heart of the 
country's sugarcane industry, where it is estimated that about 70-80% of the total 
production is placed. A small share of sugarcane production is also in the North-
Northeast region (Walter and Dolzan, 2009). Therefore whilst water consumption is not 
considered a critical sustainability concern at present, special attention should be paid to 
water consumption and bioenergy production in these areas to avoid any possible 
conflicts with other water use in years ahead when demand for ethanol will almost 
certainly increase. 
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Figure 68: Principal river basins and rivers, Brazil 
Source: International Rivers (2009) 
Figure 69: Regions of Ethanol Production 
Source: UNICA (2009) 
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Policy effectiveness: how have policies implemented effected water consumption? 
In a water-rich country like Brazil, ethanol production does not pose serious threats to 
water availability in most circumstances. This is aided by the fact that the Brazilian 
Government has implemented water charges for areas such as agriculture, incentivising 
industry to find more efficient uses of water to reduce overall cost. However, water 
consumption still deserves special attention and at present is still without certification or 
sustainability standards and new legislation in this regard is necessary, to keep water 
consumption equal or below the natural regeneration capacity. This would require a 
full-scale water balance for each hydrological unit however, and would be complex to 
implement within a framework for ethanol, although research in this direction should be 
encouraged. From the agricultural point of view, challenges are to produce sugarcane at 
the new frontiers according to the probably lower rainfall rates and water availability 
found in some of these expansion areas. From the industrial point of view, water 
abstraction must be minimized, which is indeed a technological challenge. Moreover, 
R&D into technological methods that optimise water use and increase recycling of 
water is necessary. For this to happen, a policy shift is required. 
SECTION FOUR: THEORETICAL DRIVERS AND BARRIERS  
This section aims to further explore the theoretical drivers and barriers analysis by 
applying the 'true' and 'false' theoretical drivers and barriers methodology to the 
Brazilian case study; as shown in Figure 71. This evaluation showed there are nine 
combined drivers and barriers which can be disproved for Brazil but that there are ten 
which are proven to be true and therefore need to be considered in future policy 
recommendations. Drivers or barriers that were disproven for this case study are no 
longer discussed, as there was no evidence for their influence in the reference material; 
however, factors which were considered 'true' for this case study are discussed further, 
below. Moreover, drivers or barriers that were disproven for this case study but are 
considered logical in the design of a new policy framework for biofuels are discussed 
subsequently in Chapter Eight. 
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THEORETICAL DRIVERS AND BARRIERS 
V 
Figure 70: Theoretical Drivers and Barriers Analysis (Brazil) 
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7.8 	TRUE DRIVERS AND BARRIERS 
7.8.1 Drivers 
The first driver of consideration is other environmental benefits: when petroleum prices 
decreased significantly in the 1980s, obviating the immediate benefits of bioethanol as a 
replacement for fossil fuels, the Government recognised the environmental benefits of 
utilising bioethanol, especially with regards the curbing of air pollution in cities such as 
Sao Paolo and cutting emissions of heat-trapping gases from the Brazilian transport 
sector - and justified their continuous mandate for this reason (Sandalow, 2006). 
Another key driver is that of R&D: due to innovations both on the agricultural and 
industry sides, productivity gains have been substantial in Brazil and costs have fallen 
significantly as a result (Walter et al., 2005). To give a figure for comparison - the 
average production yields were 3,900 litres/ha/year in the early 1980s but have reached 
6,500 litres/ha/year in 2005; in Southeast Brazil, this figure is even higher, reaching 
6,500 litres/ha/year. Or rather, between 1975 and 2000, modernization of the sugarcane 
yield per hectare increased by 33% and bioethanol yield from sugar rose by 14%. 
Considering these results, Walter and Dolzan (2009) reported that for the production of 
15.9 BLit of bioethanol in 2005 it was possible to save almost 2.9 Mha of land. Walter 
et al. (2005) further reported that productivity gains, and consequently cost reductions, 
were achieved as a result of the introduction of operation research techniques in 
agricultural management. These efficiency gains achieved over a three-decade learning 
curve, combined with the aforementioned factors unique to the country, allow Brazil to 
sell bioethanol close to or below the market price of petrol. Moreover, in recent years, 
the genetic development of sugarcane species has advanced and more than 500 
sugarcane varieties have been developed in Brazil. These developments have resulted 
in the reduction in the use of pesticides and of resultant environmental impacts, an 
increase of sugar content, the development of disease-resistant species, better adaptation 
to different soils and the extension of the crushing season (Walter et al., 2005). 
With regards to technical drivers, the positive energy balance offered with Brazilian 
sugarcane over its full lifecycle is a key driver. Walter et al. (2005) reported that on 
average, the output/energy ratio (renewable/fossil) varies between 8.3 to 10.2 with 
Brazilian sugarcane ethanol; which results in an overall positive energy balance and 
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significant reduction in CO2. This is significantly aided by the fact that the production 
process also generates 100 Mt of waste — bagasse and straw — which Brazilian 
bioethanol refineries use to generate their own process heat and electricity from portions 
of the sugar crop, resulting in energy self-sufficiency; in fact, there are many refineries 
selling surplus electricity onto the grid with reports indicating that 3% of Brazil's 
electricity is supplied in this way (Sandalow, 2006; Xavier, 2007). Moreover, the 
production potential in Brazil is large — SI II indicated that sugarcane currently only 
accounts for ca. 1% of total arable land and that a significant amount of production 
could occur without causing any detrimental harm to the environment or food supplies. 
Nowadays, the production and infrastructure compatibility is another important driver 
to the industry, as although at the beginning of ProAlcool infrastructure compatibility 
was considered a barrier, since 2002, it can be classed as a driver. It is cited in the 
literature that Brazil has developed a unique distribution infrastructure for all blends of 
bioethanol, with a network of more than 25,000 gas stations with E20 pumps (Neeft et 
al., 2007). Social drivers, or rather public perception, have also proven to be a strong 
factor in the Brazilian bioethanol industry. Consumers reacted strongly to incentives to 
purchase E100 cars to drive market penetration but when they lost confidence due to 
fuel shortages following a removal of subsidies, this negatively affected sales. 
Production costs, although not included in the original theoretical drivers list, was in 
fact in the proven barriers for the EU, UK and US, are actually an important feature of 
the Brazilian system; which significantly encourages market growth. Brazil has the 
world's lowest production costs of sugarcane bioethanol with UNICA estimating 
average production costs of approximately US$0.80 per gallon as compared to the US 
where they are roughly US$0.90-$1.30 per gallon. Walter et al. (2005) said that at these 
costs, hydrated bioethanol is cost-competitive with petrol as long as the price of oil 
remains around US$36/barrel. This cost reduction is due to the thirty-year learning 
curve and is an important example of biofuels' competitiveness as compared to fossil 
fuels. However, it should also be noted that Brazil has many natural advantages and 
appropriate domestic conditions for sugarcane production, such as an optimal climate, 
for example, as well as two seasons of sugarcane growth achievable per year, which add 
greatly to the potential production of both sugar and bioethanol products. It also has 
significant land availability, water resources and low labour costs in addition to a 
mature infrastructure built up over several decades. These factors push for further 
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market penetration and are some of the reasons that Brazil has a biofuels industry like 
no other country. In these regards, Brazil is quite unique and as such, is not a ready 
source for policy translation unless such translation is conditioned to measures that 
address resource shortfalls such as land, water and ideal meteorological conditions. 
7.8.2 Barriers 
Barriers do not seem as prevalent in Brazil as they did in the UK and US cases; 
however, a few still remain and are worth noting. For example, petroleum prices are 
still classed as a barrier in Brazil, as most bioethanol is used in FFVs, which are capable 
of running on either bioethanol or petrol. Xavier (2007) reported that as bioethanol 
provides fewer miles per gallon than petrol, Brazilian drivers know that bioethanol is 
price-competitive only when it costs no more than 70% of the price of petrol. 
Moreover, in March 2006, the blending ratio was reduced from 25% to 20% after 
bioethanol prices soared to all time highs. Brazilian drivers stopped using pure 
bioethanol as the price reached $0.90, about 85% of the price of petrol. Additional costs 
are another key factor, as these were not only high in the early days of the industry but 
remain high in many aspects of the industry today, such as making changes to 
infrastructure or bringing SG facilities online. In addition, technology availability, 
although not as strong a barrier as it is in the UK or US because FG technologies in 
Brazil are relatively sustainable, is still important to consider. Once SG technologies 
are introduced commercially onto market, much greater environmental benefits and 
GHG emissions will be achieved. 
Although already discussed as a driver, the examination of the Brazilian case also 
indicated that public perception can be a barrier. For example, the evidence indicates 
that attitudes can change quickly and the public can stop supporting bioethanol with 
resultant knock-on effects to industry. In the 1990s, when prices of petroleum were 
low, consumers stopped buying bioethanol-run cars, lost confidence on the reliability of 
bioethanol fuel supply and began selling or converting their cars back to petrol fuel —
the knock-on effect to market was that car manufacturers stopped producing them 
(Kovarik, 2006). 
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7.9 	CHAPTER SUMMARY 
This chapter analysed the Brazilian bioethanol industry with the intention of addressing 
research questions 3 and 4 and their objectives. The examination of this case provided 
further evidence that Government support through various policy tools is paramount to 
a successful industry, in particular, a blend-mandate to encourage consumption. The 
involvement of the state-owned oil company Petrobras and the auto-manufacturers has 
also been essential, with the result that all cars in Brazil can now run on at least a 25% 
ethanol blends. However, the evidence herein also highlighted that pre-existing 
domestic conditions played a key role in the success of the bioethanol industry in Brazil 
and thus it might not be possible to recreate this in other jurisdictions where such 
conditions do not prevail. Moreover, during the early 1990s, supply shortages meant 
that Brazil had to rely upon imports to sustain domestic demand and their energy supply 
was once again threatened, which demonstrated that biofuels cannot be considered a 
panacea for the world's energy challenges. Additionally, although the sustainability of 
Brazilian sugarcane is unmatched by any other FG feedstock, potential threats still exist; 
for example, where land use change effects could result in encroachment into high-
value areas or where water consumption is not monitored. Thus, a policy change to 
include certification is required if biofuels are to achieve their full potential and future 
sustainability is to be assured. 
	 276 	 
PART IV 
POLICY DESIGN 
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8 POLICY AND REGULATORY FRAMEWORK 
8.1 INTRODUCTION 
Previous chapters highlighted that there are many proven drivers that are pushing for the 
further development of biofuels markets; for example, biofuels production chains have 
the potential to be carbon neutral and cause little damage to the environment. Likewise, 
there are also many proven barriers that at present, hinder market penetration and policy 
and regulatory implementation; for example, biofuels production chains can potentially 
release more carbon back into the atmosphere than they are supposed to save. For these 
reasons, countries around the world are implementing policy and regulatory tools with 
the hope of overcoming barriers and advancing implementation. However, in addition 
to the proven drivers and barriers discussed in Chapter Four, the implementation of the 
theoretical drivers and barriers methodology in Chapters Five to Seven highlighted a 
number of issues previously unconsidered in policy design, but that could be proven in 
each country. Moreover, that there are a number of factors that, although there is no 
evidence as to their influence in the studied case studies, should be considered in a 
revised policy and regulatory framework for biofuels.71 Thus, the analysis contained 
herein highlighted that current policy and regulation is lacking with regards to not only 
incentivising sufficient market growth but also ensuring carbon and environmental 
benefits, as well as overall sustainability; both at home and abroad. Taking this into 
account, and considering the lessons learned through the evidenced-based research 
conducted for Chapters Three to Seven, Chapter Eight presents a policy and regulatory 
framework for UK biofuels; one which is aimed at encouraging not only market 
penetration of biofuels, but also environmental sustainability. 
71 The full theoretical drivers and barriers analysis can be seen in Annex 3. 
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PROPOSAL FOR A NEW POLICY AND REGULATORY FRAMEWORK ON THE 
PRODUCTION AND CONSUMPTION OF ENVIRONMENTALLY SOUND 
BIOFUELS FOR ROAD TRANSPORT 
8.2 	INTRODUCTION TO POLICY FRAMEWORK 
The proposal for this framework is based upon personal inspiration72 and the analysis of 
primary data collected for the three case studies; although other sources of information 
feed into this where appropriate. The proposal is divided into six Sections, each of 
which was identified throughout the research and largely reflect the structure within 
chapter writing; namely, Institutional, Environmental, Economic, Technical, Social and 
Stakeholder Interaction and the Carbon Economy. Each Section is subsequently 
divided into a number of Themes to be addressed; for example, 'Theme 1: Domestic 
Market Development', under which a problem to be addressed is stated; for example, 
`Biofuels have the potential to offer energy security goals; however, current market 
penetration is insufficient in the UK due to inadequate political support'. Following 
each Theme are a number of 'Policy and Regulatory Statements', which offer solutions 
to the problems identified; for example, 'Policy Statement 1; Biofuels Obligation 
Scheme'. Each Policy and Regulatory Statement is then described by 'requirements', 
`compliance and enforcement', any 'penalties' that would result in the case of non-
compliance; as well as offering a 'Rationale' and a 'counter-argument' for each policy 
choice. 
8.3 RATIONALE 
The European Council meeting at Gothenburg (June 2001), agreed on a Community 
Strategy for sustainable development consisting of a set of measures, including the 
sustainable development of biofuels. The Brussels European Council of March 2007 
reaffirmed the Community's long-term commitment to the EU-wide development of 
renewable energies and biofuels beyond 2010 and the EU RED agreed a target of 10% 
biofuels by 2020. In line with this, the UK, being an EU MS, has long recognised the 
72 By personal inspiration, one means ideas conceived by the author following extensive research in the 
area of biofuels policy and are not from any other literature source. 
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need to further promote biofuels energy given that their implementation and use can 
contribute to climate change strategy, energy security, overall sustainable development; 
as well as the development of a knowledge-based industry creating jobs, economic 
growth, competitiveness and regional and rural development. 
In response to concerted policy and regulatory mechanisms implemented with the UK, 
demand for biofuels is expected to grow rapidly over the next twenty to thirty years; the 
question is whether or not this can be done sustainably? It would be counter-productive 
to allow biofuels production that resulted in other forms of serious environmental 
damage, especially under the auspices of an accreditation scheme that purported to 
guarantee environmental benefits. Under the current RTFO, companies are required to 
report on the sustainability and GHG savings of the fuel they supply; however, there is 
no reward or penalty should this be 'good' or 'bad' and therefore there is currently no 
incentive to achieve the greater GHG savings associated with advanced biofuels, or 
even superior FG biofuels. There is a need to establish a single standard for biofuels 
that accounts for carbon savings, environmental effects and overall sustainability, to 
place the UK transport sector onto an environmentally sustainable trajectory.73 A new 
policy and regulatory framework is therefore necessary, one which encourages new 
technological advances and scientific developments, delivers greater GHG emissions 
reductions; and translates these into sustainable policy. This will provide the business 
community with the long term stability it needs to make rational investment decisions in 
the biofuels sector and put the UK on a low carbon trajectory in a competitive energy 
future. 
8.4 DEFINITIONS 
For the purposes of the framework discussed herein, the following definitions apply: 
A. Advanced Biofuel: renewable fuel that has lifecycle GHG emissions, as determined 
by the Administrator, of at least 50 percent less than the baseline lifecycle GHG 
emissions; 
B. Biofuel: liquid or gaseous fuel for transport produced from biomass; 
73 This is necessary on a global scale also but the question would remain about who would administer this 
and is an area where further research and discussion are needed. 
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C. Biofuel Obligation: national support scheme requiring that transport road fuel 
suppliers include a given proportion of fuel from biomass in their fuel petrol and 
diesel mix; 
D. Baseline Lifeeycle GHG Emissions: average lifecycle GHG emissions, as 
determined by the Administrator, for gasoline and diesel (whichever is being 
replaced by the renewable fuel) sold or distributed as transportation fuel in 2005; 
E. Conventional Biofuel: renewable fuel that has lifecycle GHG emissions, as 
determined by the Administrator, of at least 40 percent less than the baseline 
lifecycle GHG emissions; 
F. Cellulosic Biofuel: renewable fuel derived from any cellulose, hemicelluloses, or 
lignin that is derived from renewable biomass and that has a lifecycle GHG 
emission, as determined by the Administrator, of at least 60 percent less than the 
baseline lifecycle GHG emissions; 
G. Fossil Fuel: coal, substances produced directly or indirectly from coal, lignite, 
natural gas, crude liquid petroleum, or petroleum products; 
H. Greenhouse Gas: a gas in the atmosphere that absorbs and emits radiation within the 
thermal infrared range. The primary natural GHGs in the Earth's atmosphere are 
water vapour, carbon dioxide, methane, nitrous oxide, and ozone; 
I. Obligation Period: specified period within which companies must fulfil their 
obligations under national legislation, given as 15th April to the 14th April; 
J. Renewable Biomass: biological material derived from living, or recently living, 
organisms, such as plants, wood, algae, waste, and recycled cooking oil; 
K. Renewable Fuel: fuel produced from renewable biomass, used to replace or reduce 
the quantity of fossil fuel present in a transportation fuel; 
L. Small Refinery: a refinery for which the average aggregate daily crude oil output 
does not exceed 450,000 litres; 
M. Support Scheme: a scheme, originating from a market intervention, that helps 
biofuels find a market by reducing the cost of production of this energy, increasing 
the price at which it can be sold, or increasing, by means of a renewable energy 
obligation or otherwise, the volume of such energy purchased; 
N. Transportation Fuel: fuel for use in motor vehicles and non-road vehicles. 
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8.5 TRANSPOSITION 
A. The national Government shall bring into force the laws, regulations and 
administrative provisions necessary to comply with the policy and regulatory 
statements proposed within the national framework; as detailed in this document. 
B. The Office of the Renewable Fuels Agency shall be the Administrator whose main 
responsibilities will be to: 
a. Process authorisation, certification and licensing applications for biofuels; 
b. Recording and retaining information submitted by an account holder in 
support of an RTF certificate; 
c. Recording each certificate issued; 
d. Establishing and maintaining an account, in which the balances of 
certificates are recorded; 
e. Establishing and controlling the trade of certificates within a biofuels 
obligation scheme; and 
f. Publishing monthly and annual reports on the status of implementation of the 
measures herein. 
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SECTION ONE: INSTITUTIONAL 
THEME 1: DOMESTIC MARKET PENETRATION 
The UK has recognised the potential benefits that biofuels, as a renewable energy 
resource, can offer to national energy security, as it is one of the most effective tools by 
which the UK can reduce its dependence on foreign oil; however, current market 
penetration is insufficient in the UK due to inadequate political support. 
POLICY AND REGULATORY STATEMENT  
BIOFUELS OBLIGATION SCHEME 
A. IN GENERAL: The national Government shall ensure that a minimum proportion of 
biofuels and other renewable fuels are placed on the domestic market in a given 
obligation period. The binding character of the targets stated herein are subject to 
the production being sustainable in line with the GHG emissions reduction 
thresholds specified in Policy and Regulatory Statement 5 and the sustainability 
criteria stated in Policy and Regulatory Statement 7. 
B. REQUIREMENTS: A renewable transport fuel obligation is imposed on every transport 
fuel supplier (who supplies less than 450,000 litres in total). For the purpose of this 
policy, the applicable phase-in mandatory targets for renewable fuels for the 
calendar years 2011 through 2022 shall be determined in accordance with the 
following table: 
OBLIGATION PERIOD 
APPLICABLE VOLUME OF 
RENEWABLE FUEL 
TOTAL PERCENTAGE WITHIN ROAD 
Fun 
15E-April 2011 - 14th April 2012 5% 
15th April 2012 -14t April 2013 6% 
15th April2013 - 14th April 2014 7% 
15th April 2014 - 14th April 2015 8% 
15th April 2015 - 14th April 2016 9% 
15th April 2016 - 14th April 2017 10% 
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15 	April 2017 — 14th April 2018 11% 
15th April 2018 — 14th April 2019 12% 
15th April 2019 — 14t April 2020 13% 
. -th ID 	April 2020 — 14th April 2021 14% 
C. COMPLIANCE AND ENFORCEMENT: An obligated supplier must provide evidence to 
the Administrator that a percentage volume of their total road fuel sales in the one 
year obligation period being assessed is renewable fuel. For example, at an 
obligation rate of 5% for the period 15th April 2011 — 14th April 2012, a company 
providing 1 MLit of road fuel would need to provide proof of supply for 50,000 Lit 
of biofuel. Upon proof of their compliance with the obligation, suppliers will be 
presented with a certificate, which is tradable and bankable with other RTFO 
operator within the UK. Companies have three alternative options to meet the 
obligation: 
a. Provide eligible biofuels to consumers in the UK. Companies show 
compliance through Renewable Transport Fuel Certificates (RTFC). 
Certificates are issued to transport fuel suppliers who paid fuel duty on 
biofuels; 
b. Buying RTFCs. Suppliers may trade RTFCs within the market and present 
these as evidence of compliance; and 
c. Paying a `buy-out- price. The obligated supplier shall face a pre-determined 
monetary penalty for each unit of shortfall between their overall obligation 
level and the number of RTFCs surrendered to the Administrator. 
D. RATIONALE: Evidence within the UK, US and Brazilian case studies indicates that 
mandatory targets are essential if biofuels market penetration is to be assured. 
Industry would benefit from a centralised regulatory system in which targets are 
mandatory; this provides greater investment certainty, as it is set for a longer time 
period. To ensure overall targets are achieved, it is appropriate to have a phase-in 
trajectory. Moreover, setting a high buy-out price should ensure compliance 
whereas certificates are logical, as these are clear, independently devised, and with 
audited standards that are based on principles set out by Government. 
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E. COUNTER-ARGUMENT: Stakeholders may disagree with higher targets given that the 
UK already finds achieving targets set under the EU Biofuels Directive a significant 
challenge. Moreover, many environmental NGOs may feel targets should not be 
increased until environmental sustainability of feedstocks can be assured and 
sustainability criteria are mandatory within regulation; both for domestic and 
imported fuels. Additional costs incurred by purchasing biofuels would also 
eventually be passed to the consumer. However, it is submitted that these additional 
costs are justified on climate change grounds, while feedstock sustainability can be 
addressed by binding certification requirements. 
POLICY AND REGULATORY STATEMENT 2  
SMALL BIOFUELS PRODUCER TAX CREDIT 
A. IN GENERAL: The national Government shall implement a support scheme for small 
producers. 
B. REQUIREMENTS: Biofuels production facilities which produce less than 450,000 
litres per year will be eligible for a percentage reduction in tax; based upon the 
following bands: 
ANNUAL PRODUCTION PERCENTAGE TAX REDUCTION 
0 to 100,000 litres 80% 
100,001 to 200,000 litres 65% 
200,001 to 300,000 litres 50% 
300,001 to 400,000 litres 35% 
400,001 to 450,000 litres 20% 
C. SELECTION CRITERIA: Prior to implementation, the Administrator shall conduct a 
full RIA in order to calculate the full costs and benefits, as well as the sustainability 
impacts of the refinery against the criteria stated in Policy and Regulatory Statement 
7. In evaluating applications under this programme, the Administrator shall: 
a. Consider the experience of each applicant with previous projects; and; 
b. Give priority consideration to applicants that: 
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i. Are most likely to maximise displacement of petroleum 
consumption, measured as a total quantity and a percentage; 
ii. Are best able to incorporate existing infrastructure while maximising 
to the extent practicable the use of advanced biofuels; 
iii. Demonstrate the greatest commitment on the part of the applicant to 
ensure funding for the proposed project and the greatest likelihood 
that the project will be maintained or expanded after Governmental 
support is completed. 
D. COMPLIANCE AND ENFORCEMENT: The Administrator shall: 
c. Not provide funds to any applicant under the small producers tax credit 
programme for more than 2 years; and 
d. Seek, to the maximum extent practicable, to ensure a broad geographic 
distribution of project sites funded by grants under this support scheme. 
E. RATIONALE: Evidence herein indicates that smaller producers are often restricted 
from entering the market because of increased production costs. However, 
addressing climate change requires efforts by all companies and not just the large oil 
majors. Offering financial assistance to smaller enterprises should ensure that no 
company is excluded from entering the market and may promote greater 
competition under otherwise oligopolistic conditions. 
F. COUNTER-ARGUMENT : The extra cost of this subsidy will be borne by the central 
budget, which could lead to increased taxes and may need further clarification in 
times of austerity. Moreover, as market growth progresses, the effectiveness of this 
mechanism will come into question, as fewer facilities will qualify. However, it is 
submitted that these additional costs are justified on environmental grounds, 
allowing smaller, potentially more environmentally sound firms to enter the market. 
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THEME 2: INSTITUTIONAL REVIEW 
Policy and regulatory mechanisms for biofuels commonly have numerous impacts, 
which are often difficult to foresee without detailed study and consultation with affected 
parties; and can act as a barrier to market penetration. 
POLICY AND REGULATORY STATEMENT 3  
POLICY IMPLEMENTATION IMPACT REVIEW AND AMENDMENT 
A. IN GENERAL: The national Government shall instruct the Administrator, in 
consultation with DEFRA and the DfT, to conduct an annual review of the impact of 
the implementation of policy upon the factors listed herein. If it is determined that 
the framework is ineffective, or unsustainable, impacts are occurring, the 
Administrator shall determine the appropriate amendments to annual targets or 
mitigation measures to be introduced. 
B. REQUIREMENTS: Using impact assessment procedures in line with the guidelines 
from The Department for Business, Enterprise and Regulatory Reform (BERR), the 
review should include: 
a. The impact of renewable fuels on the energy security of the UK; 
b. The introduction and functioning of support schemes and other measures for 
biofuels, including measures taken to ensure the reliability and protection 
against fraud within the system; 
c. The expected annual rate of commercial production of biofuels; 
d. The impact of policy on the development and share of biofuels made from 
wastes, residues, non-food cellulosic material and lingo-cellulosic material; 
e. The estimated net. GHG emissions savings due to the use of biofuels in 
relation to Policy and Regulatory Statement 5; 
1. The impact of the production and consumption of biofuels on the 
environment, including on air quality, climate change, conversion of 
wetlands, ecosystems, wildlife habitat, water quality, and water supply; 
g. The impact of biofuels on the infrastructure of the UK, including 
deliverability of materials, goods, and products other than renewable fuel, 
and the sufficiency of infrastructure to deliver and use renewable fuel; 
h. The impact of the use of biofuels on the cost to consumers of transportation 




	The impact of biofuels production on job creation, the price and supply of 
agricultural commodities, rural economic development and food prices. 
C. RATIONALE: Science, research and development in the field of biofuels are 
constantly changing and advancing. In order to stay in the lead with regards to 
sustainable policy, the policy and regulatory framework must undergo continual 
annual review in order to translate scientific developments into policy design. 
Moreover, impact assessments should improve the quality of regulation and reduce 
unnecessary burdens on business; as well as improve policy making by placing a 
greater emphasis on quantifying costs and benefits. 
D. COUNTER-ARGUMENT: Stakeholders may argue that this is costly and time 
consuming to implement; with problems associated with data capture resulting in 
ineffective assessments. This cost could be addressed in part by out-sourcing and 
external peer-review of policy and regulatory implementation. If this is conducted 
by University-based experts then, provided that the review is transparent, costs can 
be saved by allowing publication. Moreover, post accountability should also 
determine value for money. 
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THEME 3: FUEL QUALITY DIRECTIVE 
Biofuels, when used in pure form or as a blend, should comply with the quality 
standards laid down by the EU; however, fuel quality legislation needs to be revised in 
order that institutional barriers do not prevent higher blends of biofuels achieving 
market penetration. 
POLICY AND REGULATORY STATEMENT 4  
FUEL QUALITY LEGISLATION AND RESEARCH AND DEVELOPMENT 
A. IN GENERAL: The national Government shall ensure that EU Fuel Quality 
Legislation is adhered to within the UK. 
B. REQUIREMENTS: The Administrator and standardisation bodies shall work together 
for the purpose of coherence and shall monitor development, and adapt and develop 
actively, standards so that new fuels can be introduced; whilst maintaining 
environmental performance requirements. In addition, the Administrator shall work 
in coordination with the Department for Transport and Car. Manufacturers to 
actively develop standards that allow biofuels blends above 5%. 
C. RATIONALE: Conducting forward-looking research into fuel quality should ensure 
the UK is in a strong position with regards influencing changes to EU Fuel Quality 
legislation. In turn, this should ensure that higher blend percentages are able to 
achieve market penetration in the UK. 
D. COUNTER-ARGUMENT: Stakeholders may argue this is costly and time consuming; 
moreover, ultimately the UK comes under EU legislation and thus until this 
changes, the UK cannot move forward. However, where it is demonstrably 
successful, regulatory leadership in a given MS can lead to EU law that mirrors this 
success to some extent. 
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SECTION Two: ENVIRONMENTAL 
THEME 4: GHG EMISSIONS 
The UK has long recognised the need to promote biofuels given that their exploitation 
can contribute to climate change mitigation through a reduction in GHG emissions. 
However, GHG emissions reductions are dependent upon the choice of feedstock and 
production pathway and unless regulated, cannot be assured 
POLICY AND REGULATORY STATEMENT 5  
MANDATORY GHG EMISSIONS REDUCTION SCHEME 
A. IN GENERAL: The national Government shall ensure that all biofuels for use in the 
UK contribute towards climate change mitigation, by achieving GHG emissions 
reductions. 
B. REQUIREMENTS: All biofuels suppliers (under 450,000 litres per year)74 shall 














15th April 2011 - 
14th April 2012 
90 5 5 100 
15th April 2012 
— 14th April 2013 
85 8 7 100 
15th April 2013 
— 14th April 2014 
80 11 9 100 
15th April 2014 
— 14th April 2015 
75 14 11 100 
15th April 2015 
— 14th April 2016 
70 17 13 100 
15th April 2016 
— 14th April 2017 
65 20 15 100 
15th April 2017 
— 14th April 2018 
60 23 17 100 
15th April 2018 55 26 19 100 
74 Which is the entry point for the RTFO. 
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— 14th April 2019 
15th April 2019 
— 14th April 2020 50 
29 21 100 
15th April 2020 
— 14th April 2021 
45 32 23 100 
C. COMPLIANCE AND ENFORCEMENT: Obligated companies shall provide proof to the 
Administrator that the biofuels they supply achieve the specified GHG emissions 
reductions, using the GHG calculation methodology stated in Policy and Regulatory 
Statement 6. For example, at an obligation rate of 5% for the obligation period 15th 
April 2011 — 14th April 2012, an obligated company providing 1 MLit of road fuel 
would need to provide proof of supply for 50,000 Lit of biofuel; within which 
45,000 litres will achieve 40% GHG emission savings compared to a 2005 baseline, 
2,500 litres will achieve 50% and 2,500 litres will achieve 60%. Upon proof of their 
compliance with the obligation, suppliers will be presented with a certificate. 
Certificates are tradable and bankable. Companies have three alternative options to 
meet the obligation 
a. Provide eligible biofuels to consumers in the UK. Companies show 
compliance through Renewable Transport Fuel Certificates (RTFC). 
Certificates are issued to transport fuel suppliers who paid fuel duty on 
biofuels; 
b. Buying RTFCs. Suppliers may trade RTFCs within the market and present 
these as evidence of compliance; and 
c. Paying a `buy-out' price. The obligated supplier shall face a pre-determined 
monetary penalty for each unit of shortfall between their overall obligation 
level and the number of RTFCs surrendered to the Administrator. 
D. PENALISATION: Producers, refiners and importers supplying biofuels less than a 40% 
GHG emissions saving shall not be eligible for certificates. 
E. RATIONALE: To ensure these emissions reductions and encourage innovation 
towards advanced biofuels for this task, mandatory specifications are necessary. 
Current policy fails to penalise non-compliers. Penalising companies with negative 
GHG emissions reductions should incentivise greater production and consumption 
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of biofuels with greater GHG emissions reductions, stimulate innovation and ensure 
advanced technologies enter the market 
F. COUNTER-ARGUMENT: Stakeholders may argue that it is a lengthy and expensive 
measure to implement and that setting high targets initially could have adverse 
impacts on the development of the industry, thus preventing biofuels producers or 
suppliers entering the market. However, the success of any effort to address climate 
change through biofuels production and consumption rests upon GHG emissions 
reductions and mandatory targets are the only way to ensure that these are achieved 
and are therefore justified on climate change grounds. 
POLICY AND REGULATORY STATEMENT 6 
CALCULATION OF GHG EMISSIONS AND AUDIT 
A. IN GENERAL: The national Government shall implement a system to measure, 
account and audit the GHG emissions savings associated with domestic fuels 
through the full lifecycle, from field to fuel. 
B. REQUIREMENTS: The Administrator shall provide clear rules as to the methodology 
for the calculation of GHG emissions from biofuels based on a WTW approach 
defined by the EU RED. To avoid a disproportionate administrative burden, a list of 
default values indicating the minimum possible emissions reductions with common 
biofuels production pathways shall be laid down (agreed upon by independent, peer-
reviewed scientific advice and which takes account of direct and indirect GHG 
emissions). For this purpose, the GHG emissions saving from the use of biofuels 
shall be calculated as follows: 
a. By using a default value given where a default value for GHG emissions 
savings for biofuels production pathways is laid down in the RTFO75 and for 
`future biofuels' ;76 
b. By using an actual value calculated in accordance with the methodology laid 
down in Annex G (Assessing carbon intensity and calculating direct GHG 
saving) of the UK Carbon and Sustainability Reporting within the RTFO 
(UK RFA, 2010). 
75 http://www.rertewablefuelsageney.gov.uldpage/guidance-v3   
76  Part B of the EU RED. 
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C. COMPLIANCE AND ENFORCEMENT: Companies shall physically track GHG emissions 
reductions over the lifecycle of the fuels they produce and report this to the 
Administrator via a web-based system. 
D. RATIONALE: The success of any policy for GHG emissions reduction depends upon 
the reliability of data. Measuring, accounting and auditing by government is 
therefore essential if reward schemes are offered to suppliers with the highest GHG 
emissions reduction; and policy success is to be monitored. Using the EU RED 
calculation methodology and default values also enables compliance with the EU 
Directive and facilitates direct comparisons for fuel chains with GHG savings. 
Moreover, publishing results of GHG emissions savings by each fuel supplier 
should encourage investment into cleaner fuels and technologies. The UK has 
demonstrable success with monitoring of GHG emissions within the biofuels sector, 
although benchmarking emissions against agreed default GHG values remains a 
challenge. This challenge is exacerbated by high import levels, where it is difficult 
to establish whether such values are being developed and implemented. 
E. COUNTER-ARGUMENT: This is lengthy to implement, for both companies and 
Government, and the information may never be used. Moreover, stakeholders may 
always use the default value and thus never truly track GHG emissions, which will 
not stimulate innovation. However, it is submitted that on a cost-benefit basis, this 
measure is justified in light of climate change goals. 
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POLICY AND REGULATORY STATEMENT 7  
GHG EMISSIONS-RELATED ENHANCED CAPITAL ALLOWANCES 
A. IN GENERAL: The national Government shall implement a support scheme for 
production facilities which achieves a specified percentage reduction in GHG 
emissions. 
B. REQUIREMENTS: Biofuels production facilities are eligible for a percentage reduction 
on the whole of the capital costs of their investment into biofuels technologies; 
against taxable profits for the first year of operation. Percentage reductions are 
linked to GHG emissions reductions, based upon the following bands: 
GHG EMISSIONS REDUCTIONS PERCENTAGE CAPITAL ALLOWANCE 
0 to 50% 65% 
51 to 60% 70% 
61 to 70% 75% 
71 to 80% 80% 
81 to 90% 85% 
91 to 100% 90% 
C. RATIONALE: Evidence herein highlights that further political support is needed to 
stimulate technological innovation, with a view to achieving climate change 
mitigation goals. Policy and Regulatory Statement 7 is designed to stimulate 
production of those biofuels which deliver a high level of GHG emissions savings. 
D. COUNTER-ARGUMENT: Subsidies place a financial burden on the central budget and 
could potentially conflict with EU State-Aid rules.77 Moreover, the effort that this 
would require with regards to administrative procedures and time may not be 
justified on a cost-benefit analysis. However, subsidies could be offset by revenue 
collected from penalising weaker performers, as a form of distributive tax. 
77 Something which is currently being debated within the EU. 
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POLICY AND REGULATORY STATEMENTS 8  
ADVANCED BIOFUELS REWARD SCHEME 
A. IN GENERAL: The national Government establish an award (grant) programme to 
encourage the domestic production of advanced biofuels. 
B. REQUIREMENTS: In making grants under this programme, the Administrator shall: 
a. Award the proposals for advanced biofuels with the greatest reduction in 
lifecycle GHG emissions weighted against the comparable motor vehicle 
fuel lifecycle emissions during the calendar year 2005; and 
b. Not make an award to a project that does not achieve at least an 80 percent 
reduction in lifecycle GHG emissions weighted against the comparable 
motor vehicle fuel lifecycle emissions during the calendar year 2005. 
C. RATIONALE: Evidence herein highlights that the cheapest biofuels dominate the 
market and are not the most environmentally sustainable, as policy does not 
sufficiently stimulate advanced biofuels. Placing a monetary value on GHG 
emissions should encourage production facilities with greater GHG emissions and 
advanced biofuels. 
D. COUNTER-ARGUMENT: Implementing any form of subsidy increases the financial 
burden on the central budget. Furthermore, this will have to gain State Aid 
approval, which may cause a delay in rolling out this mechanism. However, it is 
proposed that additional costs are justified when considering the wider 
environmental benefits and renewable energy/climate change goals for the UK. 
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THEME 5: ENVIRONMENTAL AND SOCIAL SUSTAINABILITY 
Biofuels production should be environmentally sustainable in line with commitments 
under climate change, biodiversity and water Directives; however, biofuels will not 
achieve these objectives unless sustainability criteria are drafted into regulation. 
Moreover, some biofuels production chains have been associated with social concerns. 
POLICY AND REGULATORY STATEMENT 9  
MANDATORY SUSTAINABILITY SCHEME 
A. IN GENERAL: The national Government shall, within a biofuels obligation, 
incorporate measures to ensure the WTW life-cycle production chain of the biofuels 
used to fulfil policy targets meet specified sustainability criteria. 
B. REQUIREMENTS: Economic operators, producers and suppliers of biofuels taken into 
account for the purposes referred to in Policy and Regulatory Statement 1 are 
required to show evidence that the environmental sustainability criteria listed herein 
have been fulfilled. Using a variation of the RTFO reporting scheme, which is 
based on a 'meta-standard' approach, the environmental and social criteria involve 8 
factors, listed herein:78 
a. ENVIRONMENTAL PRINCIPLES: 
i. Biomass production will not destroy or damage large above or below 
ground carbon stocks; 
ii 
	
	Biomass production will not lead to the destruction of or, damage to, 
high biodiversity areas; 
iii. Biomass production will not lead to soil degradation; 
iv. Biomass production will not lead to the contamination or depletion of 
water sources; 
v. Biomass production will not lead to air pollution; 
vi. Biomass production processes allow biofuel suppliers to meet the 
default value-based targets set in this policy and regulatory 
framework; 
b. SOCIAL PRINCIPLES: 
i. Biomass production will not adversely affect workers rights and 
working relationships; and 
78 The UK RTFO includes 7 factors; however, the author has included 8 here. 
	[ 296 	 
ii. Biomass production will not adversely affect existing land rights and 
community relations. 
C. COMPLIANCE AND ENFORCEMENT:79 The Sustainability Scheme is divided into 
Environmental and Social Standards, which make use of existing voluntary agri-
environment and social accountability schemes in order to minimise the cost and 
administrative burden of compliance. To receive a certificate (of compliance) and 
hence a financial reward, a supplier operating in the UK (above the 450,000 litres 
threshold) must report on their performance, as depicted in Policy Statement 11. 
Obligated companies must have four options of compliance: 
a. RTFO Meta-Standard: this is higher than most existing sustainability 
standards and covers seven (eight) key environmental and social principles; 
b. Qualifying Standards: meet the majority of the environmental and/or social 
criteria defined under the RTFO meta-standard; 
c. Benchmarked Standards: these have been benchmarked against the RTFO 
meta-standard but do not meet sufficient criteria to be awarded QS status; 
and 
d. None/unknown: for where the feedstock was not certified against a standard 
or the data is unavailable. 
D. RATIONALE: Biofuels are being followed for environmental reasons; therefore 
implementing policies for this purpose should not cause knock-on environmental 
damage or social exploitation, but should promote an integrated approach to global 
environmental targets. Without stricter regulation demanding operator's compliance, 
stakeholders will have very little incentive to follow the more environmentally 
sustainable technologies due to cost. Thus, placing a requirement on operators, 
producers, suppliers and importers of biofuels will ensure that the Government can 
monitor compliance with the sustainability criteria contained herein. Using the UK 
RTFO Environmental and Social Criteria as a basis is a logical choice, as this is 
compliant with the forthcoming EU RED requirements. However, going one step 
further, this proposal suggests mandatory, rather than voluntary, compliance. 
79  Companies who are not compliant are not eligible for other support measures within the overall 
framework. 
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Moreover, whereas the UK RTFO currently applies targets to the UK aggregate as a 
whole, this proposal implies standards upon individual suppliers. 
E. COUNTER-ARGUMENT: Stakeholders may argue that implementing mandatory targets 
in this manner implies a significant policy, regulatory and conceptual change on 
behalf of the UK; and that delivering against a new set of standards will take time to 
roll out, may discourage investors from entering the market and may simply not be 
feasible in light of currently available information and data capture systems. 
Furthermore, placing a mandatory requirement on domestic producers and 
operators, as well as importers, could potentially be petitioned under WTO trade 
rules; something which the EU is working towards. Some effort should be made 
through the EU to seek such binding requirements, as they will carry greater weight 
in a WTO context where they have already been agreed by 27 Member States. 
POLICY AND REGULATORY STATEMENT 10  
VOLUNTARY SUSTAINABILITY SCHEME 
A. IN GENERAL: The national Government shall establish a voluntary sustainability 
scheme associated with biofuels used in line with Policy and Regulatory Statement 
1. 
B. REQUIREMENTS: The scheme shall surround the environmental and social standards 
stated below and the Administrator shall establish a methodological approach to be 
applied by complying operators. The criteria shall be based upon the following: 
a. LAND-USE CHANGE: Using the methodology designed by the UK RFA, 
individual companies can initiate projects which demonstrate that the 
resultant biofuel has a low risk of causing indirect land-use change. The 
methodology is included the Annexes of the UK RTFO Carbon and 
Sustainability Guidance; 
b. WATER CONSUMPTION: The effect that the current levels of biofuels 
production, as well as any future increase, will have on local water 
availability. This topic should be central in a national sustainability agenda 
and efforts should be addressed in order to reduce water consumption. This 
shall involve the development of best practise guidelines so that biofuels 
facilities are only approved in areas where water is in abundance, or in 
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regions where there is high rainfall in order to drain water supply 
sustainably. The Administrator shall look to the Water Protocol of the 
Global Reporting Initiative for guidance.8°  
c. 
	
	FOOD VERSUS FUEL: In no circumstance should importation of biofuels take 
place where it is demonstrated that their production has adversely affected 
staple food production for domestic consumption in developing states to the 
point where crop substitution impoverishes local peoples. 
C. COMPLIANCE AND ENFORCEMENT: Participants shall upload data via a web-based 
system, as depicted in Policy and Regulatory Statement 12. 
D. RATIONALE: There are a number of wider environmental and social issues that are 
difficult to monitor and for which there is currently not sufficient scientific evidence 
or methodologies to be account for. However, it is important to monitor these issues 
now and the introduction of voluntary sustainability criteria should ensure that 
companies are already used to reporting on these prior to making them mandatory. 
E. COUNTER-ARGUMENT: The environmental sustainability criteria will only be 
effective if they lead to changes in the behaviour of market actors. Stakeholders 
may argue that with voluntary schemes there is no incentive for companies to 
comply. However, this efficiency could be addressed through a reward scheme for 
compliance, leading to the development of better methodologies and eventually 
mandatory criteria. 
so 
http://www.aeca.es/comisiones/rsc/documentos  fundamentales rsc/gri/technical_protocols/gri_water_pro  
tocol.pdf 
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POLICY AND REGULATORY STATEMENT 1 1  
MONTHLY AND ANNUAL REPORTING 
A. IN GENERAL: The national Government shall instruct the Administrator to set in 
place provisions for monthly and annual reporting to Government, to ensure a 
continuing focus on progress in the advancement of biofuels with greater GHG 
emissions savings. 
B. REQUIREMENTS: The Administrator shall set in place a web-based system whereby 
obligated (and non obligated companies under 450,000 litres wishing to obtain 
RTFCs) companies can upload data. The Administrator shall compile these data 
into monthly and annual reports, which will be made available to the public. 
C. COMPLIANCE AND ENFORCEMENT: Information to be included in the Reports are as 
follows: 
a. MONTHLY REPORTS: 
i. Fuel Type; 
ii. Quantity; 
iii. Feedstock; 
iv. Production Process; 
v. Country of Origin; 
vi. Sustainability Information: 
1. GHG Emissions (in relation to Policy Statement X); 
2. C-Stock (in relation to Policy Statement X); 
vii. Carbon Information: 
1. Carbon Intensity (CO2/e MJ) — using the Carbon Calculator; 
designed by the UK RFA; and 
viii. Plant in Operation Date. 
b. ANNUAL REPORTS: Annual reports shall include aggregate monthly 
information in order to see compliance for the year; in addition: 
i. Actions taken to increase sourcing of sustainable biofuels or biofuels 
with lower carbon intensity; 
ii. Actions taken to promote biofuels projects with a low risk of iLUC; 
and 
iii. Environmental Management Certificates. 
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C. VOLUNTARY MONTHLY REPORTS: 
i. iLUC; and 
ii. Water consumption. 
D. VERIFICATION: As depicted by the UK RTFO, the reliability of claims made in 
reports must be demonstrated through an independent verification (or assurance) and 
the verifier's report must be submitted to the RFA alongside the Annual Report. 
E. RATIONALE: Publishing data on the compliance of companies should 'name and 
shame' companies that do not comply. Moreover, compiling data in this manner 
allows progress to be monitored and thus enables the Administrator to identify areas 
of strength and weakness in policy and regulatdry design. 
F. COUNTER-ARGUMENT: Stakeholders may argue that this is a time consuming 
exercise, as stakeholders may not be interested in results. Moreover, there is no 
incentive for companies to report on voluntary standards. However, this issue could 
be addressed through a reward scheme for compliance and are justified on the 
premise that greater data capture ensures more effective policy design. 
POLICY AND REGULATORY STATEMENT 12  
EVIDENCED-BASED CARBON AND SUSTAINABILITY RESEARCH 
A. IN GENERAL: The national Government shall promote more evidenced-based 
research into certification and sustainability issues that can be further translated into 
policy-design. 
B. REQUIREMENTS: The Administrator shall commission work on: 
a. Methodologies to account for indirect effects related to biofuels production; 
b. R&D: advanced biofuels production chains using UK-based feedstocks; 
c. Criteria and monitoring methods that can be used to further biofuels 
sustainability regimes; 
d. The resolution of WTO policy conflicts with regards to sustainability 
criteria; and 
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e. The optimisation of the role of biofuels in the evolving energy mix of the 
UK, noting the (co-equal) importance of climate change and energy security 
policies. 
C. RATIONALE: Demand for biofuels is expected to grow rapidly over the next ten-to-
twenty years. In order to achieve environmental benefits it is imperative that the 
UK stays at the forefront of research with regards to carbon and environmental 
impacts relating to the biofuels sector, as well as future generations of fuels. 
Moreover, conducting R&D will stimulate innovation into the more advanced, 
environmentally sound biofuels, promoting best practise. 
D. COUNTER-ARGUMENT: Any research commissioned by the Government costs the tax 
payer money. However, it is submitted that these additional costs are justified on 
climate change grounds while feedstock sustainability can be addressed by binding 
sustainability certification requirements. 	Moreover, unless this research is 
accounted for in future policy design, it is futile; therefore the Government must 
address the manner in which it utilises this information. 
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SECTION THREE: ECONOMIC 
THEME 6: ECONOMIC RURAL DEVELOPMENT 
The production and consumption of biofuels could create new opportunities for 
sustainable rural development and could open new markets for innovative agricultural 
products; however, current policy frameworks are insufficient to stimulate domestic 
production. 
POLICY AND REGULATORY STATEMENT 13  
AGRICULTURAL POLICY SUPPORT 
A. IN GENERAL: The national Government shall develop a supportive agricultural 
policy for biofuel-based crops in the UK, consistent with the EU Common 
Agricultural Policy. 
B. REQUIREMENTS: Farmers have two options, either: 
a. Single Payment Scheme (SPS): Farmers may apply for a payment per 
hectare of crops produced, including energy crops, subject to cross 
compliance rules, including not converting permanent pasture to arable. 
Agricultural raw materials cultivated and used for the production of biofuels, 
shall be obtained in accordance with the requirements and standards under 
the provisions listed in point A of Annex III to Council Regulation (EC) No. 
1782/200317 under the heading "Environment" and in accordance with the 
minimum requirements for good agricultural and environmental condition 
defined pursuant to Article 5(1) of that Regulation; 
b. Planting grants for perennial energy crops, such as miscanthus and short 
rotation willow coppice plus short rotation forestry; as depicted by the 
Natural England website.8' 
C. COMPLIANCE AND ENFORCEMENT: Farmers who hold Single Payment Scheme 
entitlements and who are eligible may apply via DEFRA's online application 
service. Farmers need to comply with EU standards covering public, animal and 
81 http://www.naturalengland.org.ukamages/ECShandbook3ed tem6-12242.pdf 
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plant health, environmental and animal welfare (cross-compliance) on all 
agricultural land (whether they claim on this land or not). 
D. RATIONALE: Stimulating domestic production of energy crops on land which does 
not compete with food crops should ensure economic rural development and energy 
security goals are realised. Moreover, existing agricultural practices and legal 
requirements in the UK ensure that domestically produced feedstocks are 
environmentally sound; indeed, the UK reports under the RTFO indicated that 99% 
of UK-produced biofuels meet the required environmental standards. 
E. COUNT ER-ARGUMEN I : Some stakeholders and critics of CAP may reject the idea of 
protectionism in the UK (or EU). Advocates for the free market may believe that 
Farmers may follow biofuels under the SPS scheme at the expense of other, 
potentially, food crops. However, this is inconsistent with the spirit of the CAP as it 
applies to sustainable agriculture goals and is therefore justified on rural 
development goals. 
POLICY AND REGULATORY STATEMENT 14  
AGRICULTURAL INFORMATION CAMPAIGN 
A. IN GENERAL: The national Government shall promote biofuels development in rural 
areas. 
B. REQUIREMENTS: Information campaigns, as well as education and training, will be 
promoted and provided for farmers and businesses in the rural community; via a 
web-based system. Information to be included is: 
a. Biofuels feedstocks and process technologies; 
b. Governmental support schemes available for biofuels enterprises; 
c. Examples and links to biofuels enterprises in other regions; and 
d. Environmental and social sustainability indicators for biofuels. 
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C. RATIONALE: Stakeholders in the rural industry would be better served if information 
pertaining to biofuels development schemes was available. This would further 
economic rural development goals within policy design. 
D. COUNTER-ARGUMENT: Stakeholders may argue that the cost/burden associated with 
this mechanism is potentially very high due to the design and implementation of the 
web-based system and the collation of data; which do not outweigh the benefits. 
Still, costs could be saved by running information provision out of local council 
offices, libraries and community centres as part of their regular services to rural 
communities. 
THEME 7: SOCIO-ECONOMIC DEVELOPMENT 
The UK recognises that the increased production of domestic biofuels has an important 
role to play in providing opportunities for employment creation and regional 
development in rural areas; suggesting socio-economic benefits and energy security to 
the UK. 
POLICY AND REGULATORY STATEMENT 15  
REGIONAL SELECTIVE ASSISTANCE INVESTMENT GRANTS 
A. IN GENERAL: The national Government shall provide a support scheme for biofuels 
enterprises related to job creation in areas appropriate for production. 
B. REQUIREMENTS: Biofuels enterprises with a specified minimum number of 
employees, and in areas where biofuels production facilities are deemed sustainable, 
shall (in line with Policy and Regulatory Statement 7) be eligible for a related grant; 
in order to offer financial assistance towards capital expenditure of at least 
£500,000. 
C. SELECTION CRITERIA: This is a discretionary support scheme and the Administrator 
shall conduct a full RIA prior to granting any assistance in order to assess the impact 
upon job creation. 
D. RATIONALE: Offering support for commercial plants linked to job creation should 
ensure that socio-economic benefits are realised. 
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E. COUNTER-ARGUMENT: Subsidies place a financial burden on the central budget and 
could potentially conflict with EU State-Aid rules.82 Moreover, regions that may be 
eligible under the grant scheme may not be the regions' most suitable for biofuels 
production; therefore the usefulness of this may be minimal. However, this is 
justified given the advantages to employment and the environment for companies 
willing to relocate to suitable areas. 
82 Compilation of State Aid rules applicable as of 21' January 2010 can be accessed here: 
http://ec.europa.eu/corripetition/state aid/legislation/compilation/index en.html 
Specific State Aid rules for Agriculture can be accessed here: 
http://ec.europa.eu/agriculture/stateaid/leg/index en.htm 
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SECTION FOUR: TECHNICAL 
THEME 8: WTW ENERGY BALANCE 
The European Parliament noted in its Resolution on Climate Change (2007) that energy 
policy is a crucial element of the EU global strategy on climate change, in which energy 
efficient technologies play a key role. However, the overall energy balance varies by 
production pathway and it is essential the most energy efficient pathways are promoted. 
POLICY AND REGULATORY STATEMENT 16 
RESEARCH AND DEVELOPMENT: ENERGY BALANCE 
A. IN GENERAL: The national Government shall investigate energy efficiency within the 
biofuels industry. 
B. REQUIREMENTS: The Administrator shall investigate the differences in energy 
balances for various first generation and advanced biofuels production processes. 
C. RATIONALE: The production of energy from biomass is not, at present, truly energy 
efficient, due to the energy intensive inputs required for the production, harvesting, 
transporting and processing of the product. However, the evidence within the 
Brazilian case study illustrates that where recyclable material (i.e. the bi-products of 
biofuel production) is used for electricity production in refineries, these can achieve 
energy self-sufficiency; thus mitigating climate change. Thus, in order to cut GHG 
emissions with the UK and reduce its dependence on energy imports, the 
development of biofuels should be closely linked to increased energy efficiency. 
D. COUNTER-ARGUMENT: Stakeholders may argue that (energy) self-sufficient 
production pathways are a long way off commercialisation in the UK. However, 
this is justified given the advantages to future economies of scale and the 
environment in the UK. 
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THEME 9: INFRASTRUCTURE COMPATIBILITY 
In general, biofuels are a close substitute for conventional energy and are able to be 
supplied through the same infrastructure systems. However, there is a need to develop 
the appropriate infrastructure supply system for advanced biofuels; in order to facilitate 
better transportation and expand national markets. 
POLICY AND REGULATORY STATEMENT 17  
REFUELLING AND INFRASTRUCTURE GRANTS 
A. IN GENERAL: The national Government shall allocate funds for development of 
appropriate infrastructure for biofuels in the UK. 
B. REQUIREMENTS: The Administrator shall establish a programme of grants that 
provide assistance to retail and wholesale motor fuel dealers or other entities for the 
installation, replacement, or conversion of motor fuel storage and dispensing 
infrastructure to be used exclusively to store and dispense renewable fuel. 
C. COMPLIANCE AND ENFORCEMENT: The Administrator shall establish criteria for 
evaluating applications for grants under this support scheme that maximise the 
availability and use of renewable fuel blends across the country. Such criteria shall 
provide for: 
a. Consideration of the public demand for each renewable fuel blend in a 
particular geographic area; 
b. Consideration of the opportunity to create or expand corridors of renewable 
fuel blend stations along major motorways; 
c. Consideration of the experience of each applicant with previous, or similar 
projects; 
d. Consideration of population, number of FFV, and number of retail outlets; 
e. Priority consideration to applications that: 
i. Are likely to maximise displacement of petroleum consumption, 
measured as a total quantity and percentage; 
ii. Are best able to incorporate existing infrastructure while maximising, 
to the extent practicable, the use of renewable fuel blends; and 
iii. Demonstrate the greatest commitment on the part of the applicant to 
ensure funding for the proposed project and the greatest likelihood 
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that the project will be maintained or expanded after Governmental 
assistance under this grant is completed. 
D. LIMITATIONS: Assistance provided under this programme shall not exceed: 
a. 33% of the estimated cost of the installation, replacement, or conversion of 
motor fuel storage and dispensing infrastructure; 
b. £115,000 for a combination of equipment at any retail outlet location.83  
E. RATIONALE: The evidence herein highlights a lack of refuelling stations and 
distribution infrastructure that significantly affect market penetration. The evidence 
in Chapter Six also indicates that refuelling and infrastructure grants significantly 
assisted the US biofuels sector, mitigating the financial burden for many retailers 
wishing to install biofuel pumps. 
F. COUNTER-ARGUMENT: As with other subsidies, this represents an extra cost to the 
tax payer. However, the additional costs are justified given the benefits to the 
transport sector through a greater use of biofuels throughout the country. 
POLICY AND REGULATORY STATEMENT 18  
OIL MAJORS INVESTMENT IN INFRASTRUCTURE DEVELOPMENT 
A. IN GENERAL: The national Government shall work in cooperation with domestic oil 
majors to ensure private investment in necessary infrastructure for storage and 
transportation of biofuels. 
B. RATIONALE: The evidence within the Brazilian case study indicates that 
involvement of oil majors in identifying and developing the appropriate 
infrastructure for biofuels is a hugely successful driver for market penetration. It is 
logical that profitable energy companies finance development of renewable energy. 
Moreover, the 2000 EU Green Paper states that oil companies should organise large-
scale distribution infrastructure by voluntary agreements, rather than through 
83 As applied through the EISA07 in the US. 
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regulation. They should be given this opportunity, the failure of which to provide 
within a reasonable time frame will lead to mandatory infrastructure regulation. 
C. COUNTER-ARGUMENT: Stakeholders may argue that the main oil company involved 
in biofuels in Brazil is State-owned, and therefore controlled by Government; UK 
oil companies are independent and therefore cannot be controlled or directed by the 
Government. However, it is logical and fundamentally necessary that those who 
have emitted vast amounts of the fossil fuel-related pollution are the ones who now 
pay for, in line with the polluter pays principle'. 
THEME 10: TECHNOLOGY AVAILABILITY 
The UK recognises that increased use of biofuels has an important role to play in 
promoting technological development and innovation, which is needed to assist more 
advanced and environmentally sound technologies achieve market penetration. 
However, current policy mechanisms are technology-blind, with the UK finding itself 
behind other jurisdictions regarding R&D related to biofuels. 
POLICY AND REGULATORY STATEMENT 19  
RESEARCH AND DEVELOPMENT: ADVANCED BIOFUELS 
A. IN GENERAL: The national Government shall allocate funds for Research, 
Development and Demonstration related to advanced biofuels and existing 
transportation fuel infrastructure, and new alternative distribution infrastructure.84 
B. REQUIREMENTS: The Administrator, in coordination with the Secretary of 




	The adequacy of transportation of domestically-produced renewable fuels by 
railroad and other modes of transportation, including consideration of the 
capacity to move the necessary quantities of domestically-produced 
renewable fuel. The programme shall focus on the physical and chemical 
properties of biofuels and efforts to prevent or mitigate adverse impacts of 
84 In line with the EU Strategic Energy Technology Plan (SET). 
http://ec.eurona.eu/energy/technology/setplan/set_plan_en.htm 
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those properties in the areas of: corrosion of metal, plastic, rubber, cork, 
fibreglass, glues, or any material used in pipes and storage tanks. 
C. RATIONALE: The Stern Review (Stern, 2006) highlights that technological 
innovation is reliant upon increasing incentives for R&D; however, the evidence 
herein indicates that R&D has thus far been lacking in the UK. In the US and 
Brazil, where strong R&D programmes are funded by the Government, there are 
greater yielding efficiencies of feedstocks; as well as economies of scale. Evidence 
herein highlights that oil majors and industry experts have oft-cited that advanced 
biofuels require separate storage, transportation and infrastructure — it is therefore 
logical that more R&D be conducted. 
D. COUNTER-ARGUMENT: Stakeholders may argue that if commissioned by the 
Government, this will raise taxes. Competing energy companies could also object 
on competitive grounds. However, it is submitted that the additional costs are 
justified given the commitment of the UK to climate change and renewable energy 
agreements. 
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THEME 11: VEHICLE TYPE 
A successful biofuels market should encourage Flex-Fuel Vehicles and vehicles running 
on higher blends. 
POLICY AND REGULATORY STATEMENT 20 
PROMOTION OF FFVs 
A. IN GENERAL: The national Government shall support the development and uptake of 
ultra low carbon emission vehicles in the UK. 
B. REQUIREMENTS: Specific tax breaks for FFVs shall include: 
a. Through the Office for Low Emissions Vehicles (OLEV), a 25% subsidy (up 
to a maximum of £5,000)85 for FFVs, for both fleet and retail consumers, on 
cars registered after January 1st 2011; 
b. Congestion charge exemption in London. 
C. RATIONALE: Evidence with the US and Brazilian case studies indicated that FFVs 
are an important part of a successful biofuels sector; however, these vehicles are not 
encouraged in the UK. Experience in the UK with electric cars indicates that 
support schemes for alternative vehicles can be very effective. Moreover, 
exempting FFVs from the London congestion charge could save owners up to 
£1,600 per year. 
D. COUNTER-ARGUMENT: As with other support schemes, there is a limit to the amount 
of funds available in the central budget and implementing a subsidy adds extra cost 
to the Government. However, this subsidy cost is justified on climate change 
grounds and commitments to reduce CO2 emissions in the transport sector. 
85  As applied for electric vehicles. 
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SECTION FIVE: SOCIAL AND STAKEHOLDER 
THEME 12: INFORMATION AVAILABILITY 
Addressing climate change will require fundamental societal, organisational and 
behavioural changes, encouraged by improved access to information and public 
participation; however, social and stakeholder interaction considerations are lacking 
within the current policy framework. 
POLICY AND REGULATORY STATEMENT 21  
IN FORMATION AWARENESS CAMPAIGN 
A. IN GENERAL: The national Government shall ensure that information gaps are filled 
and that information is made available to the public in order to stimulate demand. 
B. REQUIREMENTS: The Administrator shall design and implement a centralised web-
based information point to ensure all relevant information relating to biofuels is 
made available to the public and other interested parties. Information will be 
organised into sections relating to: 
a. Technical issues, such as compatibility with engines and vehicles; 
h. 	Vehicle types which can use higher blends of biofuels and the tax benefits; 
c. The location of refuelling points; 
d. Government and stakeholder consultations; 
e. Support schemes to consumers, producers, suppliers and importers; and 
f. Environmental and social sustainability. 
C. RATIONALE: Maintaining public confidence in biofuels requires the Government and 
the biofuels industry to find effective ways to manage the potential negative impacts 
of their increased demand. For example, evidence herein illustrates that the public, 
as consumers, are important for successful biofuels market penetration. The UK 
should follow this example and increase the availability of information to the public 
concerning various factors associated with the industry; driving demand and thus 
further policy objectives. 
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D. COUNTER-ARGUMENT: The effectiveness of this mechanism may not be balanced by 
the time, effort and money invested. Moreover, the influence of the UK public may 
be considered negligible considering the fact that consumers will be purchasing 
biofuels blends regardless of choice. However, it is submitted that the additional 
costs are justified given the benefits of information sharing within successful market 
development. 
POLICY AND REGULATORY STATEMENT 22 
BIOFUEL PUMP LABELLING SCHEME 
A. IN GENERAL: The national Government shall establish rules that set forth 
requirements for renewable fuel vendors. 
B. REQUIREMENTS/SELECTION CRITERIA: The Administrator shall establish a marketing 
plan that clearly labels the dispensers and related equipment with information 
stating: 
a. The presence and/or volume of bioethanol or biodiesel in the petrol or diesel 
mix; 
b. Environmental benefits and effects of biofuels consumption; and 
c. Compatibility with vehicle engines. 
C. RATIONALE: Consumers should be aware of the fuels they are using. In addition, 
once higher blends of biofuels are introduced, this advertises the environmental 
benefits of biofuels, thus stimulating demand. 
D. COUN I ER-ARGUMENT: Stakeholders may argue that this could be time consuming to 
implement given the benefits achieved; for example, consumers may not read 
information at the pump. Moreover, considering consumers have no choice about 
the biofuel blends they are using at present, this may be a meaningless mechanism. 
On the other hand, simply presented information with an obvious message may well 
underpin public support for biofuels and encourage sustainability in the sector. 
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THEME 13: STAKEHOLDER INTERACTION 
The optimum method for increasing the share of biofuels in the national market depends 
upon the appropriate involvement of all relevant stakeholders and parties; current policy 
does not appear to be up-to-date with scientific research and thus greater stakeholder 
consultation is needed. 
POLICY AND REGULATORY STATEMENT 23  
STAKEHOLDER CONFERENCE 
A. IN GENERAL: The national Government shall strengthen cooperation amongst 
biofuels stakeholders at the national level (farmers, biofuel producers, automotive 
industry, mineral oil industry etc) in order to further market penetration and 
environmental sustainability. 
B. REQUIREMENTS: The Administrator shall organise quarterly stakeholder 
conferences. Results of stakeholder conferences shall be made publicly available 
via a web-based system controlled by the Administrator (in line with Policy and 
Regulatory 21). 
C. RATIONALE: Policy makers and regulators should seek to improve policy design 
transparency and effectiveness. Quarterly meetings of stakeholders should ensure 
collaboration of professional expertise, bringing a wealth of experience and 
knowledge to further climate change mitigation efforts and effective policy design. 
D. COUNTER-ARGUMENT: Stakeholders may argue this is time consuming and cannot 
guarantee which experts attend and therefore bias the policy review. There can be 
no assurance that the data will be unbiased. However, universities may be well-
placed to execute such events and will seek to guarantee peer review and expert 
balance and it is justified for this reason. 
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THEME 14: CAPTIVE FLEETS 
Captive fleets offer the potential for higher concentrations of biofuel blends, especially 
in urban areas where consumption use could help improve air quality. 
POLICY AND REGULATORY STATEMENT 24 
NATIONAL BUSES BIOFUELS FLEET 
A. TN GENERAL: The national Government shall promote biofuels in public vehicles. 
B. REQUIREMENTS: Using the Chipper Bus Project86 and the Argent Energy Project87 in 
Scotland as examples, the Administrator shall implement a scheme for national 
buses to run on biodiesel running on WVO or other domestically produce (and 
sustainable) fuels. 
C. COMPLIANCE AND ENFORCEMENT: The local authority shall collect waste cooking oil 
from surrounding areas such as pubs, canteens and household waste recycling 
centres. This shall be processed in the local area. 
D. RATIONALE: Implementing national bus fleets is a logical approach to promotion of 
biofuels. 
E. COUNTER-ARGUMENT: There will be those who argue that the necessary feedstock 
may be difficult to acquire and this will be expensive to operate until economies of 
scale are realised. However, the evidence base already suggests that it can work in a 
UK context. 
POLICY AND REGULATORY STATEMENT 25  
TAX BREAKS FOR TAXI DRIVERS 
A. IN GENERAL: The national Government shall allocate funds for taxi drivers to 
convert their vehicles to flex-fuel. 
B. REQUIREMENTS: Taxi drivers wishing to convert to flex-fuel shall be eligible for a 
grant. The grant should be equal to the cost of technology investment in conversion 
minus any projected fuel savings over a three year period after conversion. It should 
86 http://www.firstgroup.com/ukbus/latest_news/?id=001581   
87 http://www.argentenergy.com/articles/news/article 65.shtml 
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be given to a maximum of 1% of the available taxi fleet in the UK on a first come 
first served basis. As this has never been tried in Europe, the policy should be 
reviewed after one year for its extension to other taxis, once any unintended policy 
consequences are identified and corrected. 
C. RATIONALE: Experience in Brazil highlights that this can be an effective tool for 
stimulating greater use of biofuels. 
D. COUNTER-ARGUMENT: This may not be applicable here and stakeholders may feel 
the costs do not outweigh the benefits. However, it is submitted that additional 
costs are justified given the climate change benefits of targeting fleets. 
POLICY AND REGULATORY STATEMENT 26  
GOVERNMENT CAR FLEETS 
A. IN GENERAL: The national Government shall implement a support scheme for 
biofuels consumption in the Government Car Fleet. 
B. RATIONALE: The Government's promotion of biofuels is strengthened if biofuels are 
used within their own fleet. 
C. COUNTER-ARGUMENT: Stakeholders may consider this ineffective at encouraging 
greater market penetration; moreover, unless the sustainability of the fuels is 
assured, this may not stimulate environmental sustainability. However, the evidence 
base indicates that niche markets, such as car fleets, are ideal for project 
demonstration and would allow slow introduction of the more environmentally 
sound fuels 
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SECTION SIX: CARBON ECONOMY 
THEME 15: INTERNATIONAL AGREEMENTS 
Greater use of biofuels forms part of the package of measures needed to comply with 
the Kyoto Protocol of the United Nations Framework Convention on Climate Change 
and with future international agreements in the field of climate change mitigation 
beyond 2012. International action and cooperation in the field of biofuels sustainability 
avoids the development of multiple individual national schemes which might impede 
trade. 
POLICY AND REGULATORY STATEMENT 27  
POST-KYOTO INTERACTION 
A. IN GENERAL: The national Government shall work in cooperation with other 
jurisdictions to design a post-Kyoto framework, which includes biofuels along the 
lines of this policy and regulatory framework; with particular reference to the 
biofuels obligation and sustainability schemes. Consideration should be given to 
extending the Clean Development Mechanism to include biofuels projects, so long 
as appropriate methodologies can be agreed with the UN Executive Body for CDM 
Proj ects.88 
B. REQUIREMENTS: The Administrator shall take the monthly, quarterly and annual 
reports on the Biofuels Obligation, Mandatory and Voluntary Sustainability 
Schemes and use these as examples of standards. 
C. RATIONALE: It is in the best interest of the UK to encourage the development of 
multilateral and bilateral agreements, as well as voluntary international schemes, 
post-2012. It is also important that more stringent rules pertaining to environmental 
sustainability criteria are drafted within this in order to support climate change 
mitigation in the road transport sector. 
88 The Body that approves CDM projects. 
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D. COUNTER-ARGUMENT: Until all countries sign up to international climate change 
mitigation schemes, stakeholders could argue that this is an ineffective mechanism. 
However, given the commitment of the UK to both EU and international 
agreements, it is submitted that this is in the best interests of the nation and climate 
change goals. Moreover, the more recent international climate change debates at 
Copenhagen and Mexico showed that we are far from reaching an internationally 
agreed framework post-Kyoto and therefore further work and justification is 
necessary if biofuels are to feature within such a scheme. 
8.6 	CHAPTER SUMMARY 
Chapter Eight addresses research question 5 and its objectives. By taking the lessons 
learned in the previous five chapters, this chapter presents a policy and regulatory 
framework in which the key policy issues are addressed. Identified throughout this 
research, the framework identified six sections to be addressed, namely, institutional, 
environment, economic, technical, social and stakeholder interaction, as well as the 
carbon economy. By doing this, this has laid the foundations of the subsequent 
chapters, in which the key issues of this thesis, including stakeholder validation and the 
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9 DISCUSSION 
9.1 INTRODUCTION 
The purpose of this research is four-fold: 
I. To examine the EU regulatory paradigm for climate change, renewable energy 
and biofuels, in order to examine how this has driven the bioenergy sector in the 
EU and in turn, the UK; 
II. To develop a methodological approach to examining the drivers which 
encourage policy implementation and market penetration, as well as the barriers 
which obstruct it; 
III. To develop a methodological framework that allowed ex post evaluation in three 
case study countries, with regards to policy and regulatory implementation, 
biofuels distribution, feedstocks, trade and sustainability; and 
IV. to advancing policy learning, by examining whether or not current policy 
frameworks are suitable for their intended goals of climate change mitigation, 
energy security and environmental sustainable development. 
The results of the various analyses carried out for this research indicate that current 
policy frameworks for biofuels fail to address the full array of drivers and barriers to 
policy implementation and market penetration; moreover, these regimes fail to 
adequately address environmental sustainability within their design. As such, this 
research indicates that a policy change is necessary and through the identification .of 
specific elements, a new framework has been formulated which will lead to the better 
policy outcomes and ensure that the UK is placed on a low carbon, environmentally 
sound, trajectory. 
In view of this, the objective of the penultimate chapter of this thesis is to discuss the 
key components of the research. Firstly, by addressing and answering the five main 
research questions presented in Chapter One, the author brings the key themes of this 
thesis together to illustrate the necessity for a policy and regulatory change in the UK. 
Secondly, the final component of this research — stakeholder validation — is finalised in 
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the discourse surrounding research question 5; by discussing the response from experts 
to the policy framework of Chapter Eight. 
9.2 	REVISITING THE RESEARCH QUESTIONS 
9.2.1 Research Area One: EU Regulatory Paradigm 
RQ1: What is the regulatory paradigm in the EU with regards to climate 
change and renewable energy? How does this encourage or discourage market 
penetration of biofuels technologies? 
This question is answered by the analysis conducted for Chapter Three. This chapter 
highlights that the economic, environmental, social and energy security concerns 
surrounding anthropogenic climate change have driven the international community to 
take action. Moreover, as a result of the ongoing climate change debate, the EU (and 
world) is at a cross roads concerning the future of conventional energy resources, as 
climate and energy policies are inextricably linked. An integrated approach to climate 
and energy policy is needed and subsequently policies aimed at climate change 
mitigation and renewable energy technologies have been developed. For example, the 
UNFCCC and its Kyoto Protocol both represented landmarks in environmental policy 
and paved the way for new areas of science, research and decision-making. Chapter 
Three put forward that these international climate change policies are drivers to 
renewable energy, as renewable energy technologies are a means by which countries 
can attain the targets agreed upon under these. The goals of the Protocol, for example, 
guide energy markets and within this framework, energy technology development, as 
the implementation of advanced technologies and policies are used in attempts to 
mitigate environmental problems. However, although the international climate change 
and EU regulatory paradigm incorporate the 'polluter pays principle' and are aimed at 
environmental sustainable development, specific sustainability criteria are missing from 
these. The level of control that international agreements have thus is limited and how 
much these can influence the EU and UK, with regards to placing biofuels in these 
regions on an environmentally sustainable path, remains ambiguous. 
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With regards to the EU regulatory paradigm however, the emphasis remains strongly on 
addressing the dependence on energy imports from few areas of the world, particularly 
those of increasing political instability; as well as tackling the climate change dilemma. 
This framework recognises that road transport is an area of critical concern which needs 
to be addressed by MSs; with the notion that specific targets for renewable energy and 
bioenergy be introduced. Thus, where renewable energy regulations and policies are 
put in place in accordance with these goals, these strongly influence the development of 
the bioenergy sector within the EU and UK - as key institutional drivers. For example, 
the EU responded to the described challenges by implementing the innovative Biofuels 
Directive and the Energy Taxation Directive, which specifically promote alternative 
fuels within the EU. However, although regulatory actions highlight that some biofuels 
perform better than others and that poor-performing fuels should be discouraged, one 
considers that these are insufficient to ensure that environmentally sound fuels are used 
within the UK; or stimulate innovation and R&D towards this goal. It is still unclear 
whether the climate or environmental benefits of biofuels actually warrant policies 
promoting their increased production. Therefore, a stronger policy framework 
incorporating more rigorous sustainability standards and consideration of these with the 
WTO guidelines is needed. 
Nonetheless, whilst certain features of the EU regulatory paradigm have driven the 
development of bioenergy, some policies have either indirectly, or directly, been 
barriers to their development. For example, Beck and Martinot (2004) and Fagernas et 
al. (2006) recognise several specific international policies relating to climate change and 
bioenergy development as barriers. The Kyoto Protocol, for example, is undoubtedly 
flawed, as it does not address the Convention's ultimate objective and its commitments 
are too much prey to circumstance, with no long-term investment signal. Read (2002) 
predicted that events in the subsequent decade would likely invalidate the basis for the 
Protocol's commitments in the first place — as the Copenhagen negotiations showed, 
many governments are still not willing to make the necessary mandatory reduction 
commitments. Barriers also exist surrounding the lack of coherence between national, 
EU and international policies, as few governments have clearly realised the connection 
between national security, energy, land-use, employment and sustainable economic 
development. Indeed, it would appear that one of the main legal obstacles facing the 
realisation of high-level climate decisions is that assessments are often simply crafted as 
	 323 
policy documents and are not translated into legislation. Moreover, all policies, once 
implemented, will have a knock-on effect somewhere else; for example, subsidies for 
traditional fossil fuels will ultimately act as a barrier to renewable fuel. 
Inadequate inter-departmental communication can act as an institutional barrier, as this 
often results in a lack of coherence in different national policies in the fields of energy, 
environment and agriculture. For example, Chapter Three highlights possible 
incompatibility issues arise between Article 15 of the recent RED (2008) and 
WTO/GATT rules. It remains ambiguous whether the rules of Article 15 will apply to 
imports but if they do this could present itself as a barrier to trade: a biofuels import 
strategy would therefore have to be deemed necessary (something which is currently 
being considered within the EU policy arena) in order to overcome GATT legal 
disciplines concerning non-discrimination and quantitative trade restrictions. Moreover, 
science is often not translated into the policy and regulatory process, which is, an 
obvious barrier to stronger legislation for environmentally sound fuels. Such evidence 
indicates that a holistic approach, which is informed by scientific evidence, is necessary 
in order to stimulate increased use of environmental sound biofuels; in both developing 
and developed countries. 
The effect that the EU regulatory paradigm has had across the EU-bloc, as either a 
driver or a barrier, is evident in the implementation of the EU Biofuels Directive. 
Indeed, in light of the discourse surrounding implementation in Chapter Three, it 
remains to be seen whether the policy and regulatory framework at the EU level is 
significant enough to encourage the necessary production and sales of biofuels within 
the EU's MSs. Thus far, targets are a long way from being attained in more than half of 
the EU-bloc and in some instances the policy framework of the EU could be classed as a 
barrier to bioenergy development. For example, as discussed throughout this thesis, 
incompatibility issues arise between the Fuels Quality Directive and the RED, the 
former which prohibits biofuels use above 5% blends and the latter which states that 
biofuels must comply with Community legislation and achieve 10% biofuels by 2020: 
how are targets to go higher without a change in this Directive? It seems illogical to 
have such paralleled fields considered independently of one another, resulting in 
conflicts of interest. Moreover, in many cases national regulations are more stringent 
than EU Directives and position biofuels unequally in different MSs when in 
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comparison with one another; resulting in discordant targets and a lack of harmonisation 
across the EU-bloc. However, the dissemination of EU policies and directives into MSs 
law is problematic. For example, the EC highlighted that administrative barriers, 
including the long and complex authorisation procedures, persist in some MSs. 
Moreover, that the somewhat slow uptake of bioenergy in many MSs, including the UK, 
is in part caused by inadequate support systems and a lack of coordinated policies in 
various fields across the EU-bloc. 
However, should all EU MSs be treated equally? It seems unreasonable to stipulate the 
same rules for all MSs when some, such as Germany, are clearly at an advantage given 
natural resources and their economy. If the key motivations behind bioenergy 
development are energy security and environment sustainability, domestic resources 
should be considered independently. Or rather, if the EU-bloc is to be treated as one, 
MSs with the most abundant feedstocks for environmentally sustainable biofuels 
production should be identified and investments should be made in this regard instead 
of relying upon imports from outside the EU which do not comply with the 
sustainability criteria. One of the key conclusions of this section of the research is 
therefore that EU support systems and policy refinements need to be improved to 
enhance bioenergy use, taking into account how specific policies are applicable in 
certain situations, as well as biomass potentials at regional and national levels in all 
MSs. In light of climate change goals, the actual cost-benefit relationship with biofuels 
should be assessed before further policy is stipulated. This is particularly relevant if the 
EU or UK wishes to place itself on an environmentally sustainable trajectory. 
9.2.2 Research Area Two: Practical and Theoretical Drivers and Barriers 
RQ2: What are the main opportunities (drivers) and challenges (barriers) facing 
the development and market penetration of FG biofuels, in the EU? 
The analysis for research question 2 provides an up-to-date discussion of the perception 
of academics, researchers, market actors and colleagues on the main opportunities and 
barriers for the current generation of biofuels. In doing so, the author was able to build 
upon and strengthen previous research by, for example, Thuijl and Deurwaarder (2006), 
which detailed how retrospective policy lessons from the EU can assist policy learning 
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and policy design; and by Deurwaarder (2005), Londo et al. (2006) and Fagernas et al. 
(2006), who had previously touched upon reasons for bioenergy policy failure or 
success within the EU. The analysis is therefore significant in the ongoing policy 
debate because it illustrates (and confirms) that not only are there many proven 
environmental, institutional, economic, technical, and social opportunities that push the 
biofuels industry forward but also that there are many interlinked and complex factors 
which effectively act as barriers to market penetration. For example, results of the 
analysis show that one of the main underlying practical drivers for the EU biofuels 
industry is environmental, in the form of climate change mitigation linked to the 
greener potential of certain biofuels production pathways and GHG emissions 
reduction. Paradoxically however, opponents of biofuels note that there are many 
negative environmental concerns associated with certain production pathways and 
feedstock choices (for example, Escobar et al., 2009 and Chiu et al., 2009). Incentives 
offered to biofuels have been geared towards the promotion of MSs agricultural 
feedstocks and domestic markets rather than the promotion of biofuels with 
environmental advantages. For this reason, stakeholders and academics alike agree that 
environmental issues and a lack of sustainability assurance (particularly in terms of 
competition with food, GHG emissions and impacts on biodiversity) within the EU 
remains a strong barrier to further market penetration of these fuels in an 
environmentally sustainable way. Indeed, the lack of an environmental, carbon and 
sustainability scheme that safeguards against inefficient and ineffective, and otherwise 
unsustainable biofuels, being used is a substantial barrier to achieving the 
environmental objectives of many policies; for example, Kyoto and the Biofuels 
Directive, all of which justify their implementation on environmental grounds. It must 
not be forgotten that the UK has national and international commitments outside of 
Kyoto; for example, the Convention on Biological Diversity and the EU Water 
Framework Directive whose goals may be undermined by unsustainable biofuel 
production and use. Any policy implemented in the UK or EU must not conflict with 
objectives of other international commitments. 
This research area is also important because it highlights that there are a number of 
theoretical drivers and barriers to biofuels policy implementation that had previously 
been ignored in the literature, some of which could be proven and some of which could 
be disproven following case study analyses. With the former, it was evident that these 
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should be considered by policy makers if their influence could push for, or hinder, 
market growth. For example, Research and Development proved to be a strong driver 
in both Brazil and the US. The learning curve that has been observed over the last thirty 
years in these countries illustrates that the advancement of biofuels technologies that 
can occur through continuous R&D, leading to feedstocks with greater yield efficiencies 
and more superior technologies, as well as realising economies of scale by decreasing 
costs. However, with some of the unproven factors, despite there being no evidence as 
to their influence in the case studies, these factors should be considered by policy 
makers. For example, other environmental benefits, linked to local air quality benefits 
and waste reduction, did not prove to be a driver for biofuels in either the US or the UK. 
However, in Brazil, ethanol was followed in part because of the reduction in air 
pollution in big cities; proving this driver to have some influence under the right 
circumstances. If advanced biofuels could achieve significant market penetration in the 
UK, environmental benefits could be realised. It is therefore logical that other 
environmental considerations be included within the sustainability criteria implemented 
by the UK Government. Moreover, additional costs, linked to investment in 
infrastructure, storage and distribution, were proven to be a barrier in all three countries; 
for example, there are considerable costs associated with the initial start-up of the 
industry, as well as the investment in infrastructure. Such costs translate into fuel prices 
sometimes three-to-four times that of fossil fuels, driven further by inconsistency in 
policy which does not offer a guaranteed market in the long-term. Investment grants, a 
mandate and a stronger policy and regulatory framework overall should act to reduce 
these barriers, by giving industry the confidence and security that it needs to invest. 
Cross-party support for initiatives may also be a way of providing such guarantees so 
that elections do not signal policy and regulatory change. 
It is important to gain a full understanding of the interlinking factors influencing the 
biofuels market so that these can become embedded in the policy design process. In 
addition, guidance is needed from stakeholders, which validates this research and allows 
for the development of policy changes that should overcome these. Thus, it is 
concluded that these factors need to be addressed and considered by policy makers if 
policy targets are to be achieved; or if biofuels are to achieve their goals of climate 
change mitigation and energy security and place the UK onto an environmentally 
sustainable trajectory with regards to biofuels. 
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9.2.3 Research Area Three: Policy and Regulatory Frameworks for Biofuels 
RQ3: What are the regulatory and policy frameworks that have been 
implemented in other jurisdictions? Of these, which have been successful in 
terms of implementation, which have not, and why? 
The analysis conducted for research question 3 examines how the political paradigm 
within each country has affected policy implementation, biofuels distribution and 
blends, feedstocks used, as well as whether the biofuels are domestically produced or 
imported. In this manner, it was hoped that evidence could be accumulated as to 
whether biofuels were achieving two of the goals which they are justified for, namely, 
energy security and economic rural development. The investigation illustrated that 
although economic rural development and energy security are achieved in the US and in 
Brazil, in the UK they are not. The analysis is therefore significant in the ongoing 
policy debate because it identifies areas of weakness and strength in current framework 
and thus increases the evidence-base upon which future policy and regulation in the UK 
can be designed. It concludes that considerable changes are needed in UK policy if the 
objectives of economic rural development, energy security and environmental 
sustainability are to be achieved. The subsequent discourse considers each of the policy 
frameworks in relation to Parts One to Three of the case studies and thus concludes the 
analysis for research question 3. 
Institutional Setting 
Part One of the case studies illustrated that political support from the government is 
paramount. The UK has consistently been cited as having ambiguous support from 
Government, with no strong lobbying from other sectors, thus resulting in poor market 
penetration. Indeed, this lack of consistency and ambiguity in policy goals undermines 
the causal link between policy actions and implementation outcomes, as discussed by 
Slade et al. (2008). The US example illustrated a direct correlation between 
implementation of policy and a growth in production and consumption. With regards to 
the evidence in Brazil, throughout Stage One and Stage Two, consistent Government 
support guaranteed an end-market and provided certainty for investors. In Stage Three, 
however, when Government support was withdrawn, the industry suffered. In the final 
stages of ProAlcool, when Government support was strengthened, market penetration 
and development was once again substantial. Combined with other elements of this 
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research, this adds to the evidence-base for continued governmental support for 
biofuels. The concern is which policy or regulatory mechanisms to choose, as the key is 
to have low-disruption policy options whilst enhancing biofuels and minimising the 
impacts on markets for food, environmental impacts and economic concerns, amongst 
other things. 
The UK and US examples illustrated that fiscal support is fundamental in the early days 
of industry. Duty reductions are intended to lower production costs, and in turn, the 
costs at the pump; and have proved to be an invaluable measure to achieve initial 
market penetration in both countries. Such a mechanism has many benefits, for 
example, it is simple and easy to implement without much added bureaucracy, and it 
uses the current system of regulation and governance; and has the ability to change in 
response to the market. As such, both countries implemented these without issue. 
However, there are also many criticisms of fuel duty incentives. First and foremost, it is 
regularly considered too blunt an instrument, as firms have a choice as to whether or not 
to supply biofuels; which not only potentially limits those who can supply biofuels to 
the market but also limits the potential for overall market growth. This is further 
compounded by the fact that governments do not have control over the market and 
therefore the likelihood of meeting any target under which they are obligated is limited. 
Moreover, increasing the level of tax exemption puts a financial strain on the central 
budget, especially if there is no limit on the volume of biofuels eligible. The US case 
illustrated that fuel duty reductions are significant in helping to create a profitable 
industry when industry has to fund investment in new facilities; however, they are less 
important now, as most of the capital investment has already been made. Once biofuels 
become profitable in the market, there is less of a need for fuel duty; as long as the 
revenue that producers receive is sufficient to cover operating costs and depreciation. 
When considering the hypothesis for this thesis, it is important to note that this 
mechanism does not distinguish between fuels of better or worse environmental 
sustainability but simply results in the cheapest fuels being brought to market; therefore 
the influence that these could have on placing biofuels on an environmentally 
sustainable trajectory is minimal. This may therefore not be appropriate for States that 
are content to rely on other nations to satisfy policy/regulatory aims without reference to 
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their sustainability. It also has negligible influence over technological innovation and 
thus there is a risk that the market would remain a niche one, resulting in the lock-in of 
inefficient FG fuels. The UK and US Governments recognised that such a mechanism 
will therefore not encourage the market to become either economically or 
environmentally sustainable on its own, as there is no guaranteed market or safeguards 
against unsustainable fuels. 
The next logical step in the policy process for both the UK and the US was therefore 
one of moving towards a regulatory obligation system; something which Brazil had 
utilised from the outset. The reasoning behind implementation of such a mechanism is 
that it offers superior control to the government over biofuels consumption. It can be 
set for a longer time period and offers a greater incentive to invest in lower cost 
solutions, thus realising economies of scale by setting the extra cost on industry. 
Indeed, evidence herein illustrates that significant market penetration was achieved in 
all three case study countries following implementation. However, although these 
benefits make an obligation system a far superior policy tool than fuel duty incentives, 
there are still some criticisms with this mechanism. For example, whilst this policy tool 
has stimulated consumption in all three countries, it is only in the US and Brazil that 
significant domestic production occurred — in the UK, the RTFO has had little effect on 
domestic production and thus one could argue economic rural development or energy 
security. Additionally, when compared to duty differentials, an obligation is more 
bureaucratic, as it places an extra layer of regulation upon industry. It is more costly 
and complex to administer and potentially there is a stronger incentive to circumvent the 
regulations or do the minimum that is necessary to comply at the lowest cost. Indeed, 
the evidence herein illustrated that all countries simply utilised the cheapest and most 
readily available feedstocks. There is also a stronger possibility of fraud with this 
mechanism due to the long paper trail involved. This evidence highlights that thus far 
its impact on technological innovation is minimal and therefore the more 
environmentally sound and advanced biofuels will not be realised. Nevertheless, the 
evidence within Brazil illustrates that an obligation system is the most powerful tool to 
stimulate consumption, with the added benefit that environment sustainability criteria 
can be written into law. It is thus the most appropriate choice of mechanism. 
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In addition to the two main policy mechanisms above, the UK, US and Brazil all utilise 
additional supporting policy measures, which play a key role in the overall holistic 
development of the biofuels sector. For example, the UK utilises Enhanced Capital 
Allowances, which are a possible mechanism for production facilities; however, these 
are bureaucratic and potentially conflict with EU State Aid rules. In addition, Regional 
Selective Assistance grants have been implemented but again, their influence in the UK 
has been limited, as regions which are applicable do not necessarily match up with key 
priorities of industry. Both the UK and US have implemented Refuelling and 
Infrastructure Grants, which have been very successful, particularly in the US, with 
regards to overcoming infrastructure compatibility barriers. The US implements a 
Small Producer Tax Credit, which appears to have been a valuable mechanism for 
allowing smaller companies to enter to the market, given higher production and 
investment costs. However, whilst this was very effective in the earlier days of 
industry, fewer facilities are now able to take advantage of these as industry progresses 
and production facilities are larger than the cut-off point. 
Additionally, the evidence herein illustrates that supporting R&D is vital, something 
which the UK should take note of. The US and Brazilian Governments have 
continually supported investment into R&D of biofuels, which has resulted in improved 
yields and more efficient technologies entering the market over the last three decades. 
Further efforts with regards to R&D are required if the most effective, environmentally 
sustainable technologies are to be realised. However, all of these mechanisms are 
subsidies (or commissioned by government) and therefore, depending upon size, will 
place a significant strain on the federal budget; a point which cannot be ignored in 
today's economic crisis. Nonetheless, this still reinforces the evidence base that the 
promotion of biofuels will require a mix of policy and regulatory instruments, especially 
in future attempts to introduce environmentally sustainable fuels and higher blends. 
Biofuels Distribution, Blends, Feedstock and Trade 
The analysis conducted for Part Two of the case studies indicated that an uneven 
distribution of biodiesel to bioethanol has existed in each country. This was largely the 
result of policy (fuel duty exemptions), which in the UK encouraged biodiesel rather 
than bioethanol for the first years of industry, whereas in the US and Brazil, policy 
encouraged bioethanol over biodiesel for the first twenty and thirty years of industry 
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due their domestic production potential. However, once policy mechanisms for 
bioethanol in the UK (and biodiesel in the US and Brazil) were implemented, these 
responded in much the same way as they had previously; and these fuels attained 
significant market penetration. 
With regards to biofuel blends, the UK uses much lower percentages of biofuels within 
their fuel mix, with a maximum of only 5% allowed under EU Fuel Quality regulation; 
however, the US and Brazil are able to use 10% and 25% blends in their vehicles 
without any problems. Moreover, these two countries have implemented very effective 
policy mechanisms (tax breaks) to stimulate FFVs, the advantage of these being that 
they can run on any blend of biofuel ranging from as low as 5% up to 100%. Such cars 
allow the consumers to respond to market signals and offer a much greater certainty that 
climate change mitigation will be achieved (depending upon the feedstock used) -
whereas using 5% blends means that 95% of the fuel is still fossil-based. Encouraging a 
greater use of 5% blends could encourage drivers to go longer distances believing they 
are using a more environmentally sound fuel, whereas in fact, they are emitting mass 
amounts of GHG emissions from the petroleum. 
The analysis concerning feedstocks used within each country illustrates that none of the 
policy mechanisms examined were feedstock-specific and therefore the cheapest and 
most readily available feedstocks were used in each country (which at the moment all 
comes from FG feedstocks). In fact, all three countries have soy as the main feedstock 
for biodiesel, with the UK and Brazil having sugarcane for bioethanol, and the US corn. 
However, reliance upon one feedstock in this manner is problematic, as industry faces 
considerable market risk; for example, depending upon prices in the market and 
profitability, farmers may change the crops they produce, limiting supply. Moreover, 
the US and Brazil were able to supply their biofuels demand with domestically 
produced feedstocks, which happened to be the cheapest and most readily available; 
however, the UK relies heavily upon imports. Given the demonstrable success of the 
US and Brazil with their domestic industries, it is rational that the UK learns from this 
example and investigate their domestic agricultural resources. 
Given that the focus of this research is environmental sustainability, it is questionable if 
the UK is achieving this when it is almost completely dependent upon imports. The UK 
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is a nascent producer and consumer of biodiesel and bioethanol, which when coupled 
with the high costs associated with biofuels and domestic supply limitations, results in a 
situation whereby domestic demand for biofuels can only be met through significant 
imports, relying heavily upon the US for biodiesel, and Brazil for bioethanol. However, 
there are concerns about the sustainability of sources of imports and increasing demand 
for these the UK must not indirectly cause environmental degradation elsewhere. For 
example, in the ninth quarterly report for the RTFO, it was highlighted that 20% of land 
use is unknown and only 33% of the biofuels in the UK met the environmental standard 
compared to the target of 80%. Thus, although the UK RTFO requires obligated 
suppliers report on the country of origin from which biofuels imports are sourced, it 
does not distinguish between fuels of better or worse origin, thus failing to demand 
environmental sustainability through regulation. In today's economic climate and in 
light of energy security and rural development goals, one believes that the UK should be 
reducing foreign dependency through local, sustainable, domestic production. 
The US biodiesel industry has responded well to policy incentives and as a general rule, 
produced enough fuel domestically to supply demand. However, following the 
implementation of a federal mandate and the resultant increase in demand, even the US 
has turned to imports. Thus policy incentives for increased production capacity are not 
occurring in parallel to the implementation of the mandate. With regards to biodiesel, 
the US is a strange example — the US produces enough biodiesel to supply domestic 
demand, however, it is more attractive (due to a loophole in the American tax system) to 
export this to regions such as Europe; leaving America dependent upon cheaper imports 
for domestic fuel use. Likewise, Brazil, as a general rule, has been able to supply 
demand through domestically produced fuels, but during the 1990s, when sugar prices 
spiked on the market, thus diverting this away from the fuel industry, Brazil turned to 
imports to sustain energy demand. However, regarding both bioethanol and biodiesel, 
Brazil now produces enough sugarcane for domestic bioethanol demand and enough soy 
for biodiesel, the former producing enough excess for export and the latter, simply for 
domestic. Thus, even the examples of the US and Brazil, which have significant 
feedstock availability, illustrate that biofuels are not a panacea for energy security or 
rural development; and due to the interaction of various market forces, can require 
imports (the sustainability of which is yet to be assured). 
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To conclude, the analysis for research question three is significant in the ongoing 
biofuels policy debate because it highlights that until recently, all policy mechanisms 
were implemented irrespective of the biofuels used to fulfil targets under them, and 
whether these are domestically produced or imported. For example, economic rural 
development and energy security are given as two of the largest justifications for 
biofuels; however, despite all three countries achieving effective (domestic) policy 
implementation, only the US and Brazil achieved these goals through the production of 
their domestic natural resources of corn and sugarcane, respectively. However, even 
these countries, with their abundance of corn and sugarcane had to rely upon imports 
during periods of market fluctuations and supply shortages, following increased demand 
through policy and a lack of incentives for domestic production capacity. The UK is 
thus not likely achieving significant benefits to economic rural development or energy 
security because it is almost completely reliant upon imports for its fuel needs; thus, if 
the UK wishes to achieve these goals, policies must be geared more towards domestic 
production capacity and domestically available feedstocks. It is not sensible policy if it 
is justified for economic rural development and energy security but the policy measures 
within it are insufficient to achieve these objectives. 
9.2.4 Research Area 4: Sustainability 
RQ4: What is the sustainability impact of the current regulatory and policy 
frameworks in the UK, US and Brazil? 
The analysis for research question 4 examined the effect that current policy and 
regulatory frameworks in the UK, US and Brazil have had on environmental 
sustainability. This was because previous studies appear to be divided between 
technical research (which examines sustainability of production pathways) and policy 
(which examines policy mechanisms); without making the connection between the two. 
However, the analysis only examined three SI; it was thus not the intention of the author 
to be for or against the production, consumption or trade in biofuels, or to judge whether 
the overall supply chain for biofuels is sustainable. Rather, given that biofuels are 
already being produced, traded and used, the purpose was to develop a methodological 
tool to examine whether the policy and regulatory instruments employed to encourage 
biofuels can themselves be considered sustainable or not - by encouraging sustainable 
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or unsustainable biofuels to fulfil policy targets. Such a multi-method tool is an 
innovative approach, as it enables the researcher to gauge whether the policy choices 
made are in fact encouraging sustainable biofuels or whether the biofuels being used to 
fulfil policy targets are causing potentially unsustainable threats to the environment. 
For. example, SI I examined GHG emissions reductions in relation to policy and the 
main feedstocks consumed within each country. The analysis demonstrates that 
although the UK and US regulatory mechanisms have, of late, stipulated GHG emission 
reduction thresholds, evidence indicates it is actually only Brazil that has achieved 
significant reductions. For example, the UK RTFO records the GHG emissions saved 
with biofuels as an average over the yearly reporting period, which, although a positive 
undertaking, still allows biofuels with GHG emissions reductions below the target (or 
even with negative savings) to count under this scheme. For instance, evidence 
indicates that the UK RTFO produced GHG emissions savings above the > 40% target 
of SI I, which appears positive. However, upon further examination of GHG emissions 
by country of origin, it was discovered that the UK allows imports of biofuels from 
areas such as Pakistan, which has an unsubstantiated +94% GHG emissions increase as 
compared to normal fossil fuels and that these still count under current legislation. It 
seems irresponsible to allow all biofuels to count under current legislation and then 
merely take an average of them all. However, surely legislating that all fuels used must 
attain a specified, verifiable amount of GHG emissions would ensure greater climate 
change mitigation. Thus, whilst the RTFO is recognised as a sophisticated mechanism 
in comparison to fuel duty differentials, on its own it will not sufficiently drive 
advanced technologies onto the market — on a litre basis conventional biofuels will 
always be the cheaper option to meet targets. 
With regards to the policy framework in the US and Brazil, this has not encouraged 
significant GHG emissions reductions because the majority of the biofuels used are 
produced through inefficient production pathways using corn; with GHG emissions 
savings only around 21% at best. The US Government recognised this issue and 
implemented a much stronger policy mechanism than the UK — the EISA07 specifies 
minimum GHG emission reduction thresholds for specific fuels types, i.e. conventional 
biofuels and cellulosic; a design which one believes should be utilised in the UK, as it 
offers greater control as to whether or not GHG emissions reductions will be achieved. 
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However, a significant improvement in GHG emissions reduction cannot be expected 
for at least another eight years or so, as the dominant fuel under this system is still 
conventional renewable fuel, which only has to achieve a 20% GHG emissions 
reduction. Thus, whilst the design of this policy mechanism is commendable, the actual 
targets within it are too weak or are not implemented in a near-enough time period. 
With regards to the policy and regulatory framework in Brazil, it does not specify levels 
of GHG emissions to be attained. This is most likely due to the fact that significant 
GHG emissions are achieved regardless. Brazilian sugarcane ethanol has the best 
WTW GHG emissions reductions in comparison to any other biofuel in use in the 
world. This is compounded by the fact that the by-product bagasse is used to produce 
enough electricity to fuel the production plants, making this energy self-sufficient. 
However, it is unlikely that this system could be implemented in the UK; the lesson to 
take from this is still therefore that GHG emissions (including for imports) need to be 
specified in regulation if the UK wishes to achieve climate change mitigation with 
biofuels. 
SI II considers the impact that biofuels policy mechanisms have had upon land-use 
patterns, as the greater production of agricultural crops for biofuels can displace other 
food crops, causing market distortions. It is important to avoid policy-induced market 
disturbances because these are a major barrier for the industry and public support for 
biofuels (Uslu et al., 2010). However, the evidence presented within the UK case study 
indicates that it is not possible to determine if any direct land-use changes has occurred 
in Britain due to the implementation of biofuels or biofuels policy. On the other hand, it 
is known that between 49 to 87% of recorded land-use for biofuels production is arable, 
the majority of which is abroad; and 13 to 36% is produced on an unknown land type. 
It therefore cannot be said with certainty that implementing biofuels policy in the UK is 
not causing direct or indirect land-use change abroad, is displacing food crops or 
damaging areas of high biodiversity value. Sourcing these from abroad where the land-
use is unknown means the UK has no control over sustainability. However, because of 
Farm Assurance Schemes in the UK, 99% of domestically produced biofuels met 
environmental standards — therefore why is the Government not encouraging more 
domestic production and encouraging much tighter regulation of imports? Many critics 
think that there is not enough land in the UK to meet current biofuels targets; however, 
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research by the NFU indicates that the UK has enough land capacity to grow domestic 
crops in line with the RTFO and RED. Such evidence indicates that the land-use issue 
is far from resolved in the UK and that further research in this regard is required. 
Moreover, the UK policy and regulatory framework should account for this and not 
only record land-use related to biofuels production but encourage advanced 
technologies, which are less land intensive. 
The US and Brazilian policy and regulatory frameworks are also non-specific about the 
type of land used for biofuels production. Thus, as a consequence of increased demand 
for corn ethanol in the US there has been direct land-use change, whereby farmers are 
converting land previously used for other crops to corn production. The full effects are 
as yet unknown, although Pelkmans et al. (2009) and Uslu et al. (2010) discuss how 
increased demand for corn ethanol has caused market disturbance and driven worldwide 
prices for this agricultural commodity. The land-use issue is therefore intertwined with 
the food versus fuel debate; however, this takes us into economic sustainability issues, 
which is beyond the scope of this thesis (although noting this enhances the argument 
that policy needs to be specific about land-use related to biofuels production). Although 
the analysis for Brazil indicates that as a general rule there is enough land capacity for 
current (and future) demands for sugarcane ethanol, there is still a sustainability issue 
surrounding what land is used. For example, research analysed herein indicates that 
certain areas of the Cerrado Biome are being encroached upon. Therefore, even though 
there may be enough land capacity for biofuels development, direct and indirect land-
use may still occur. The policy lesson is therefore that land used for biofuels production 
needs to be considered and safeguarded through the use of sustainability criteria or farm 
assurance schemes. 
SI III examined water consumption in relation to biofuels production in the US and 
Brazil. There are fundamental knowledge gaps in this area, and it is not possible to 
ascertain the exact amount of water used throughout the full life-cycle of biofuels or 
how this is affected by policy. Nevertheless, the evidence for both case studies 
indicates that water consumption depends upon region, feedstock, and previous land-
use; as well as whether it is the agricultural or industrial phase of production. For 
example, Chapter Six illustrates that in certain areas of the US, such as Florida, biofuels 
production facilities have been refused planning permission as their water requirements 
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would have placed an unsustainable demand on the local water supply. Moreover, 
certain regions are being brought into production, which require significant amounts of 
water for irrigation. Additionally, Chapter Seven shows that although Brazil has an 
abundance of water available, the Government has still been astute enough to recognise 
that this is a natural resource which should be protected. They have implemented water 
charges for industries such as biofuels, incentivising businesses to use less water per 
unit of production. This is an excellent feature of the Brazilian model and something 
which the UK should take note of in designing policy for biofuels. Moreover, the 
Brazilian Government encourages R&D into technologies which require less water, thus 
ensuring sustainable development within their ethanol sector. Thus, this analysis is 
significant as it demonstrates that biofuels production is far from environmentally 
benign when considering the amount of water required and the effect that this has had 
on water availability. Without specific sustainability criteria or regulation to safeguard 
against this, this could be detrimental to water availability and conflict with the EU 
Water Framework; therefore tighter regulation is needed here as well, particularly for 
imports. 
9.2.5 Designing a Policy Framework for Environmental Sustainability 
RQ 5: What should be the main features of an integrated, mixed instrument, 
policy framework aimed at environmental sustainability of biofuels? 
The analysis for Research Question 5 considers stakeholder validation in relation to the 
twenty-seven Policy and Regulatory Options suggested by the author in Chapter Eight. 
It is important to obtain stakeholder validation (or not) of the proposed framework, as 
this can serve as a form of validation taking the research beyond well-reasoned 
supposition. It also may illustrate what experts perceive to be the most likely 
mechanisms to succeed in practise. As discussed in Chapter 2, opinions were sought 
from specifically targeted experts and in total, ten89 responses were received from 
academia, private consultancies, as well as the automotive industry and the public 
sector.9°  Respondents were asked to consider each Policy and Regulatory Option (P01 
to P027) in respect of the sentence: "This Policy or Regulatory Option will have a 
89  A response rate of 1 in 3. 
9° The survey can be seen attached as Annex 4. 
	[ 338 
positive impact upon a) Market Penetration and b) Environmental Sustainability". 
Based upon their opinion respondents ticked the appropriate box depending upon 
whether they: 1) Strongly agreed; 2) Agreed; 3) Believe there is not enough 
information; 4) Disagreed; or 5) Strongly disagreed with the positive impact that option 
would have. 
The results of this analysis are therefore important in the ongoing biofuels policy debate 
because it highlights stakeholder perceptions concerning the various policy and 
regulatory options that could be used by the UK Government to stimulate both market 
penetration and environmental sustainability. 	Following further analysis of 
questionnaire results it is apparent that the measures should not all be given equal 
priority but should be implemented in stages. Thus, based upon these results and the 
author's informed judgment, one may be able to build upon and strengthen previous 
research and UK policy and regulation for biofuels, by categorising the options as: 1) 
the top five priority options for both market penetration and environmental 
sustainability; 2) the medium priority options; 3) the low priority options; and 4) the 
options which should be dropped pending further investigation, as shown in Table 21, 
below. The discourse following Table 21 thus considers each Policy and Regulatory 
Statement in relation to the results of the stakeholder questionnaire, as well as the 
rationale for categorising each option, and thus concludes the analysis for research 
question 5. 
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Biofuels Obligation Scheme (P01) 
Small Producer Tax Credit (P02) 
Fuel Quality Legislation and Research and Development 
(PO4) 
Regional Selective Assistance Investment Grants (P015) 




Mandatory GHG Emissions Reduction Scheme (P05) 
Calculation of GHG Emissions and Audit (P06) 
Mandatory Stistainability Scheme (P09) 
Agricultural Policy Support (P013) 
Research and Development: Advanced Biofuels (P019) 
Medium Priority 
Policy Implementation Impact Review and Amendment 
(P03) 
GHG Emissions-related Enhanced Capital Allowances 
(P07) 
Advanced Biofuels Reward Scheme (P08) 
Monthly and Annual Reporting (P011) 
Evidence-Based Carbon and Sustainability Research (P012) 
Agricultural Information Campaign (P014) 
Research and Development: Energy Balance (P016) 
Refuelling and Infrastructure Grants (P017) 
Subsidies for Flex-Fuel Vehicles (P020) 
Government Car Fleet (P026) 
Low Priority 
Voluntary Sustainability Scheme (P010) 
Information Awareness Campaign (P021) 
Biofuel Pump Labelling Scheme (P022) 
National Biofuel Bus Fleet (P024) 
Grant for Taxi Drivers to Convert to Flex Fuel (P025) • 
Post-Kyoto Interaction (P027) 
Dropped (pending further 
investigation) 
Stakeholder Conference (P023) 
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SECTION ONE: INSTITUTIONAL 
Policy and Regulatory Statement 1 
Biofuels Obligation Scheme 
Market Penetration Environmental Sustainability 
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60% of respondents consider a biofuels obligation scheme is 'the only way to ensure 
market penetration of biofuels', as this is 'the strongest market signal that the 
Government can offer'. However, most also believe that this 'should not be used in 
isolation' and thus without the specified sustainability criteria in P09 being mandatory, 
only 40% agree that this would encourage environmental sustainability. Indeed, 'as a 
stand-alone mechanism', 30% think that 'this would not encourage environmental 
sustainability', as the 'UK sustainability reporting fails to change corporate behaviour, 
consumers are not enfranchised at the point of sale and thus they don't have the 
provenance for what they are buying'. Thus, this questionnaire feedback adds to the 
evidence-base for the necessity of sustainability criteria in regulation. 
For these reasons, it is submitted that an obligation scheme is an essential mechanism 
within the UK biofuels regulatory framework and is included within the top five priority 
options related to the goal of market penetration. However, taking into consideration 
the criticism of this mechanism that it should not be used in isolation and that it fails to 
incentivise environmental sustainability, which is key, it is submitted that this 
mechanism be implemented in parallel with mandatory sustainability criteria and GHG 
emissions reductions. This would effectively incentivise both market penetration and 
environmental sustainability (see further discussion surround P05 and P09, below). 
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Policy and Regulatory Statement 2 
Small Producer Tax Credit 
Market Penetration Environmental Sustainability 
Survey Result Survey Results 
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50% of respondents believe a small producer tax credit is a beneficial mechanism for 
encouraging market penetration, as 'small producers would be unable to compete 
without this start-up incentive'. However, there are criticisms of the precise design of 
this mechanism and its, effectiveness to the fuel market at a whole. For example, one 
stakeholder noted that noted that '2 years is too short for investors' — it can take up to 
18 months for planning and another 18 months for construction; whereas another noted 
that 'small producers are irrelevant in comparison to the size of the fuel market'. With 
regards to environmental sustainability, 50% of survey respondents believe this measure 
would have a positive impact, as this 'should improve the efficiency of resource use in 
rural areas and provide a 'disposal' option for feedstocks that are sometimes wastes'. 
Moreover, 'biofuels produced in the UK have to comply with UK environmental 
standards for agriculture, which come under CAP sustainability criteria', which as the 
current RTFO records illustrate, means that roughly 99% of UK-produced biofuels 
qualify. 
Thus, this feedback adds to the evidence base that smaller producers need help when 
entering the market and that to encourage domestically produced biofuels is more 
logical than imports if environmental sustainability is the desired outcome. For these 
reasons, this mechanism should be placed in the top five priority options for 
encouraging market penetration. However, the design of this mechanism should 
indicate that the tax credit begins operating once the plant starts producing (and for 2 
years thereafter, or until the limit of 450,000 litres is reached), not in the initial planning 
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and construction phase — thus alleviating the criticism surrounding the time to which 
this mechanism would apply. 
Policy and Regulatory Statement 3 
Policy Implementation Impact Review and Amendment 
Market Penetration Environmental Sustainability 
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Only 20% of respondents consider this mechanism essential for market penetration, 
with the general consensus that 'uncertainty about the outcome of policy RIAs (such as 
the current RIA for the RED) strongly affects the willingness of investors to invest in the 
capital necessary for the biofuels sector to grow'. Furthermore, many stakeholders 
`have no confidence in the UK Government to 'get it right' under pressure from big oil 
companies who complain that provenance on reporting is too difficult'; with the general 
consensus it is not necessarily more reviews or studies that are needed but 'a greater 
use of the available evidence to guide more clear policies'. However, 60% of 
respondents believe this measure will encourage environmental sustainability, as RIA is 
required to ensure that environmentally benign or beneficial biofuels and feedstocks 
dominate the supply chains'. 
For these reasons, it is submitted that whilst a review of policy implementation is an 
important feature within any regulatory framework, it is perhaps a mechanism that 
should be implemented but not immediately - the precise method of evidence building 
within the assessment needs to be developed and refined as does the evidence base 
itself. Incidentally, the UK RFA currently consults on any major policy changes (as 
they occur) In the context of biofuels, it is submitted that this review process be 
amended so that every year a consultation goes out to stakeholders to accumulate 
evidence as to how the framework is working in practice. 
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Policy and Regulatory Statement 4 
Fuel Quality Legislation and Research and Development 
Market Penetration Environmental Sustainability 
Survey Result Survey Result 
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80% of respondents think 'increasing blend percentages would have a huge impact on 
market penetration' and is 'definitely needed'. However, the majority (60%) feel that 
there is not enough information to indicate whether this will encourage environmental 
sustainability 'unless mandatory sustainability criteria are associated with higher 
blends', which enable fuel quality legislation to lead to a cleaner environment'. 
Such feedback adds to an increasing evidence-base that greater blends should be 
allowed under fuel quality legislation if the market is to increase and targets are to be 
achieved. As such, this mechanism is included within the top five priority options for 
encouraging market penetration. However, as with P01, this should not be 
implemented without mandatory sustainability criteria whereby all blends allowed 
under this EU legislation comply with applicable requirements. However, this is not as 
easy as promoting R&D and lobbying; but in fact, depends heavily upon the European 
policy process and therefore in some respects is out of the UK's control. 
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Environmental Sustainability Market Penetration 
Policy and Regulatory Statement 5 
Mandatory GHG Emissions Reduction Scheme 
Survey Result 















SECTION Two: ENVIRONMENTAL 
40% of respondents believe this mechanism will encourage market penetration, 
although 30% disagreed with this as there are concerns that 'being banded in this way 
may pose an easier assumption that supply chains are automatically compliant with the 
target'. It was noted that at present, 'there is, at least on a theoretical basis, a trade off 
between imposing environmental constraints and increasing market penetration'. 
However, only 40% suppose this will ensure environmental sustainability, as 60% 
consider there is 'not enough evidence to support the notion that mandatory GHG 
emissions schemes work'. Therefore, although 'a mandatory GHG emissions reduction 
scheme would definitely improve sustainability; it would be very hard to achieve 
credible GHG recording systems (especially for ILUC) ' . 
Based on such evidence it is submitted that theoretically this is an essential component 
of the UK regulatory framework and for this reason is placed in the top five priority 
options for encouraging environmental sustainability. However, in practise, there will 
still be criticisms and issues with this mechanism as at present, there is still no agreed 
upon methodology for the calculation of GHG emissions. Pending the development of 
a more thorough methodology for indirect emissions (which should receive urgent 
attention), the UK should continue to use the GHG emissions methodology suggested 
by the UK RFA, which has been developed by sound scientific advisors, see PO 6 
below. Furthermore, this must be used in conjunction with P09 so that the 'banding 
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does not cause unwanted tradeoffs with other environmental issues' and the overall 
sustainability of the supply chain is assured, not merely GHG emissions. 
Policy and Regulatory Statement 6 
Calculation of GHG Emissions and Audit 
Market Penetration Environmental Sustainability 
Survey Result Survey Result 
SD 50 





Agree Agree r 
SA 5A i 	a 
A 	I 	 I 1 
0 	10 	20 	30 	40 	50 	60 	70 
Percentage 
0 	5 	10 	15 	20 	25 	30 	35 
Percentage 
60% of respondents expect this mechanism will encourage market penetration whereas 
100% of respondents consider this 'essential to the environmental sustainability of 
biofuels'. Furthermore, a mandatory scheme is a 'prerequisite for P05, particularly as 
voluntary schemes could result in suppliers simply recording 'unknown'. However, it is 
noted that given the nature of biofuels, designing such a methodology is 'highly 
problematic and fraught with controversy'. Therefore whilst it is submitted that this is a 
crucial feature within the UK regulatory paradigm and included within the top five 
priority options for environmental sustainability, it is also put forward that at present, 
the methodologies for calculating GHG emissions are far from uncertain; and there is a 
need for more sound evidence in this regard. Until the land-use change issue is resolved 
within the EU, the UK should continue to use the UK RFA methodology, which has 
been updated and modified to comply with the methodology and requirements of the 
EU RED. 
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Policy and Regulatory Statement 7 
GHG Emissions-related Enhanced Capital Allowances 
Market Penetration Environmental Sustainability 
Survey Result Survey Result 
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50% of respondents believe 'this will encourage market penetration', although it is 
noted that 'the percentages offered may be too high initially'. Moreover, whilst this is 
`a great idea, the capital costs could be high in relation to taxable profits'. 
Additionally, 50% of respondents also consider that this mechanism will encourage 
environmental sustainability; however, 'more work needs to be done with regards to 
calculating GHG emissions in this regard' (as above). Therefore, whilst it is submitted 
that this mechanism could play an important part in the UK regulatory paradigm, given 
the current financial situation in the UK, this may not be able to be rolled out initially. 
Moreover, 'the potential trade-offs between GHG emissions and other environmental 
benefits will need to be monitored', therefore it is submitted that the design of this be 
restructured and specify that whilst the subsidy is based upon GHG emissions, the 
refinery receiving the benefit must also comply with the sustainability criteria specified 
in P09; which would alleviate any trade-offs. For these reasons, it is submitted that this 
mechanism is of medium priority and although this should be implemented, it may not 
be possible to do this immediately and that the design of this mechanism should be 
further consulted upon with expert stakeholders. 
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Policy and Regulatory Statement 8 
Advanced Biofuels Reward Scheme 
Market Penetration Environmental Sustainability 
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50% of respondents feel that this mechanism will encourage market penetration, as 
`without schemes such as this, the novel technologies needed are unlikely to transition 
from early demonstration to mainstream'. This is also important given 'competition 
between states and regions, i.e. can the UK afford to wait for other countries to 
commercialise these technologies?' 80% of respondents also consider that this will 
encourage environmental sustainability; 'although it is a simple assumption that certain 
types of feedstocks are automatically sustainable '; therefore the specific design will 
need to be altered for specific feedstocks and production pathways. 
For these reasons, this mechanism is included within the medium priority options. 
Moreover, as the degree to this effectiveness depends upon the specific type of reward 
being offered and the production pathways included within this. Thus, it is proposed 
that UK refiners and suppliers of advanced biofuels (in line with the sustainability 
criteria specified in P09 and the EU RED) be offered a fuel duty exemption like those 
originally (and successfully) implemented in the UK for basic biofuels (2002 — 2008). 
This should encourage both environmental sustainability and market penetration of 
domestic fuels. 
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Policy and Regulatory Statement 9 
Mandatory Sustainability Scheme 
Market Penetration Environmental Sustainability 
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Only 20% of respondents believe this mechanism will encourage market penetration 
whereas 60% consider there is not enough information to indicate whether this will 
positively influence market penetration; as 'the efficacy of all sustainability schemes is 
unproven'. At present 'stakeholders complain that the mandatory standards deter 
investors' and 'without a good methodology, which is widely acceptable on a global 
scale, it will be difficult'. However, 70% of respondents expect this will encourage 
environmental sustainability, although again, 'there are problems with methodology' 
and 'issues of penalising smaller-scale operators due to scale effects and overly 
burdensome regulation'. When asked to rank the sustainability criteria against one 
another however, there is no general consensus or agreement amongst respondents. It is 
noted that it is difficult to rank these as 'some are threshold issues and good 
management practice (verification) whereas others are more quantitative'. Therefore, 
`all the seven principles need to be included in a balanced way'. In addition, Article 
17.8 of the Renewable Energy Directive says sustainability criteria cannot be set above 
and beyond those already mandated, which means that until the RED criteria are agreed 
upon, some of the features specified in the mandatory sustainability criteria are not 
currently possible to administer under EU law. EU law thus needs to be amended in 
line with the sustainability criteria suggested herein and encompassing all the vast array 
of issues included within the Roundtable on Sustainable Biofuels. 
For these reasons, this mechanism is included within the top five priority options for 
environmental sustainability, as without mandatory requirements there is no true 
incentive to achieve these sustainability goals. Taking into account considerations 
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within the EU, the UK should continue using the sustainability standard within the UK 
AFTO but this should be made mandatory rather than voluntary. Furthermore, the UK 
should use its influence within the EU to develop greater sustainability criteria and 
supporting metrics. 
Policy and Regulatory Statement 10 
Voluntary Sustainability Scheme 
Market Penetration Environmental Sustainability 
Survey Result Survey Result 
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Only 20% of respondents believe this will encourage market penetration, whereas 50% 
consider there is currently not enough information to deduce whether this mechanism 
will influence market penetration due to 'difficulties in establishing baselines with 
counterfactual data'. Moreover, only 20% feel this will encourage environmental 
sustainability, as 'voluntary criteria are weaker' and 'highly vulnerable to leakage and 
paucity of good data'. 
However, despite the restrictions concerning EU law cited above, this is the only 
scheme that can be implemented at present to include water issues, land-use 
considerations and food versus fuel. Therefore, although this is categorised as low 
priority, in the above table, this is still an opportunity for the UK to implement and 
demonstrate methodologies for sustainability criteria beyond those of the EU RED. 
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40% of respondents consider this an important mechanism for market penetration, as 
`reporting is needed to establish a level playing field between operators', although it is 
noted that 'the administrative burden should be avoided as much as possible'. 
Furthermore, 40% of respondents agree this will encourage environmental 
sustainability, as 'reporting is essential for the policy effectiveness, which if made 
available to the public, would make this even more effective'. However, 40% also 
disagree with this mechanism, as 'monthly reporting of environmental issues would 
prove a real burden to smaller operators and feedstock suppliers'. 
Taking these considerations into account it is submitted that this mechanism is 
important to the UK biofuels sector, as this monitors the effectiveness of policy and it is 
therefore categorised as medium priority. However, the precise design of this 
mechanism is paramount and needs to be as easy and transparent as possible. Therefore 
it is proposed that obligated suppliers and operators continue to use the web-based 
reporting system designed for the UK RTFO in line with the EU RED. This should be 
amended to incorporate quarterly reporting for smaller producers and operators or for 
companies in their first two years of industry, rather than monthly, to reduce the 
administrative burden. 
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Policy and Regulatory Statement 12 
Evidence-Based Carbon and Sustainability Research 
Market Penetration Environmental Sustainability 
Survey Result Survey Result 
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Only 10% of respondents expect this will encourage market penetration, whereas 60% 
believe there is not enough information as to the effect that this mechanism will have -
and indeed, 30% disagree altogether. One respondent notes that 'the main problem is 
not the availability of data but the quality of the actual data available'. Furthermore, 
there is a 'need to be careful about the indirect-effects issue and the potential for 
competition for land. These issues are essentially un-resolvable unless the assessments 
are broadened to encompass all bio-production, both domestic and international. 
Policy vacillation has been a real problem for investors'. However, 70% of 
respondents consider this mechanism is essential for environmental sustainability, 
particularly in light of resolving WTO issues and carbon accounting'. It is therefore 
put forward that this is a medium priority option for the UK at the present time, as 
although this may not significantly impact market penetration, it will ensure that more 
environmentally sustainable options can be targeted in policy. 	Moreover, as 
demonstrated within this thesis, the Government must make a greater use of the data 
available surrounding sustainability feedstocks, so that policy and regulation is up-to-
date with the science. 
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SECTION THREE: ECONOMIC 
Policy and Regulatory Statement 13 
Agricultural Policy Support 
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40% of respondents believe this will encourage market penetration whereas 50% 
consider there is not enough evidence as to the effect that this mechanism will have. 
`Cross-compliance in the EU is evenly applied and so the application of SPS under 
entry and high-level schemes for the UK may make feedstocks outside the UK, produced 
under less stringent conditions more competitive'. However, 70% of respondents feel 
this will encourage environmental sustainability, as 'the UK's agricultural sector 
currently has a global lead in assurance and certification. Environmentally healthy 
agriculture is a pre-requisite to delivering sustainable biofuels, although cross-
compliance needs more work in this regard across the EU'. 
Thus, although stakeholders are unsure as to the effect that this will have upon market 
penetration, it will undoubtedly have a positive effect on environmental sustainability, 
as biofuels traded within EU MSs are now obligated under the EU RED sustainability 
standards. For these reasons, this mechanism is placed within the top five options for 
environmental sustainability. To address the evidence deficit with regards to market 
penetration it is proposed that an annual review of this mechanism be conducted within 
the overall policy review. 
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Policy and Regulatory Statement 14 
Agricultural Information Campaign 
Market Penetration Environmental Sustainability 
Survey Result Survey Result 
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60% of respondents believe this will encourage market penetration whereas only 40% 
consider this will encourage environmental sustainability. However, 'the quality of 
information and how this is used is paramount to the success of this mechanism', as 
`information could be considered a weak instrument in comparison to the change 
required'. Information relating to biofuels feedstocks which can be produced in the 
UK, Governmental support schemes available, links to demonstrable enterprises, as well 
as social and environmental sustainability standards applicable should effectively 
encourage market penetration of biofuels produced feedstocks. For these reasons, this 
mechanism is placed within the options of medium priority. 
Policy and Regulatory Statement 15 
Regional Selective Assistance Investment Grants 
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60% of respondents believe this measure will encourage market penetration, as 'most 
industrial activity requires regional selective assistance'. However, there are 'currently 
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limited funds available and therefore this may have problems getting off the ground'. 
50% of respondents consider that this will encourage environmental sustainability, as 
`linking grants to sustainability criteria seems to be a promising avenue'. However, it 
is noted that 'there would need to be credible enforcement of this following grant - 
award' to ensure continual compliance with the sustainability criteria. It is therefore 
proposed that this could play a role in encouraging more environmentally sustainable 
biofuels in the UK. This is therefore placed within the top five options for market 
penetration. 	Furthermore, to address sustainability concerns post-award, this 
mechanism should be structured so that every year the sustainability of the enterprise is 
reassessed. 
SECTION FOUR: TECHNICAL 
Policy and Regulatory Statement 16 
Research and Development: Energy Balance 
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50% of respondents expect this mechanism will encourage market penetration; 
however, it is noted that 'although this is an opportunity for some enterprises it is a risk 
for others'. 	Additionally, 70% of respondents believe this will encourage 
environmental sustainability, as 'this is a means for promoting energy efficiency along 
the supply chain'. For these reasons, it is submitted that research is an essential 
component of a future low carbon transport system in the UK and that this research 
should be considered in future policy design. Research could be managed well by the 
UK Energy Research Council with regular consultation with Government for policy 
amendments. This measure is thus placed in the options of medium priority. 
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Policy and Regulatory Statement 17 
Refuelling and Infrastructure Grants 
Market Penetration Environmental Sustainability 
Survey Result Survey Result 
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80% of respondents believe this mechanism 'is particularly important to create a viable 
market'; with 50% agreeing that this will encourage environmental sustainability. 
Indeed, 'both penetration and sustainability could be improved by diversifying away 
from 'anonymous' low blends'. Although it is noted by one stakeholder that 'very high 
blends might remain a niche market in the UK (and EU MS) for a long time', they are 
essential if the industry wishes to further its development. It is therefore submitted that 
this measure is an important method by which to advance environmentally sound 
biofuels in the UK and for this reason is placed within the options of medium priority 
within the framework suggested herein. Given the large government revenue streams 
that petrol refuelling stations provide through the Fuel Duty it is only right that a portion 
of the said revenues be earmarked for refuelling infrastructure improvements. 
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Policy and Regulatory Statement 18 
Oil Majors Investment in Infrastructure Development 
Market Penetration Environmental Sustainability 
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80% of respondents believe this will encourage market penetration, as 'distribution 
systems cannot be upgraded to cope with higher blends without the cooperation of the 
oil majors'. However, some respondents 'are deeply cynical about big oil companies, 
as they will do this if they are forced or it is profitable, otherwise not'. 50% of 
respondents also believe that this will encourage environmental sustainability but 'only 
if the infrastructure for the most sustainable blends is implemented'. It is therefore 
submitted that the involvement of the oil majors is critical to the further development of 
the biofuels industry in the UK. However, as with P017, the environmental impacts of 
higher blends depends upon the wider efficacy of the sustainability certification system 
implemented by the UK Government (and the EU) as whole; as it is unlikely the oil 
majors would invest in the more expensive, environmentally superior fuels without 
specific instruction. For these reasons, this mechanism is included with the top five 
priority options for market penetration. The oil majors are obligated under the biofuels 
obligation scheme (P01) and the sustainability standards set in P05 and P09. 
Therefore is logical that they develop the refuelling infrastructure, such as pipelines and 
refineries, for these fuels. 
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Policy and Regulatory Statement 19 
Research and Development: Advanced Biofuels 
Market Penetration Environmental Sustainability 
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70% of respondents expect this will encourage market penetration, with 60% agreeing 
that this will promote environmental sustainability; although it is 'imperative that there 
is international cooperation' in this regard. For these reasons, this is placed within the 
top five options for environmental sustainability. Noting the high levels of biofuel 
exports and the need to address part of the biofuels industry at home, it is proposed that 
this research be targeted at domestically produced fuels in line with the sustainability 
criteria defined herein; and be managed and conducted by the Natural Environment 
Research Council noting the Government's commitment to science research even in the 
face of budgetary constraint. However, it is noted that further research will be needed 
into the pathway from research and development to commercialisation otherwise 'this 
policy could come at the expense of driving up implementation'. 
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Policy and Regulatory Statement 20 
Market Penetration Environmental Sustainability 
Survey Result Survey Result 
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50% of respondents believe this measure will encourage market penetration, as 'the 
market of critical mass is unlikely to be generated without these kinds of incentives'; 
although it is noted that 'the impact of this may be local'. However, only 40% of 
respondents believe this measure will positively impact environmental sustainability, 
whereas 40% believe there is not enough information regarding the impact that this will 
have in the UK. Nevertheless, as above, this depends upon the efficacy of the 
sustainability system implemented in the UK and thus the fuels used in the FFVs; 
however, it is submitted that if the sustainability criteria within P05 and P09 are 
adhered to, the most environmental sustainability fuels will be used. For these reasons, 
this is placed within the options of medium priority. As discussed in Chapter Eight, it is 
submitted that a 25% subsidy (up to a maximum of £5,000) be offered for the purchase 
of FFV, for both fleets and retail consumers. 
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SECTION FIVE: SOCIAL AND STAKEHOLDER INTERACTION  
Policy and Regulatory Statement 21 
Information Awareness Campaign 
Market Penetration Environmental Sustainability 





SA SA I 
0 	10 	20 	30 	40 	50 	60 	/ 
1 
Percentage 	 I I 
0 	10 	20 	30 	40 	50 	60 
Percentage 
50% of respondents agree that this mechanism will encourage market penetration; 
however, only 30% believe this will encourage environmental sustainability. 
Nevertheless, it is noted that 'consumers should be fully aware of the benefits of the 
biofuels they are using'. The campaign will take the form of TV/internet adverts 
regarding not only the environmental benefits with specific feedstocks but also the 
incentives included within this framework for FFV. The success of this mechanism will 
be reviewed by analysing sales of FFV and biofuels. However, it is noted that at the 
present time, this may not be justified financially due to national budget constraints. 
Thus, it is submitted that this is an option of low priority within the UK regulatory 
framework. 
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Policy and Regulatory Statement 22 
Biofuel Pump Labelling Scheme 
Market Penetration Environmental Sustainability 
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Only 30% of respondents agree that this will encourage market penetration, with 40% 
believing this will encourage environmental sustainability. This is because 'if 
consumers had a choice concerning low-level blends, or a choice between with or 
without biofuels content, it is unlikely many would actually choose the biofuel', with 
price likely to be the main driver of behaviour rather than greener options'. Moreover, 
this will only be effective if 'it encourages consumers to search for greener fuels, 
although it is unlikely this will push consumers to search for new petrol stations'. At 
present, consumers are purchasing biofuels regardless of choice, as they are already 
blended within the petrol and diesel being sold in the country. Therefore although it is 
noted by the author that consumers should be made aware of the fuels they are putting 
in their cars, the reality is that this mechanism is unlikely to have a significant effect. 
For this reason, this mechanism is placed within the options of low priority. 
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Policy and Regulatory Statement 23 
Stakeholder Conference 
Market Penetration Environmental Sustainability 
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Only 20% of respondents believe this will encourage market penetration whereas 60% 
completely disagree with this mechanism, as although 'conferences are good, they are 
expensive and the benefits are unclear'. Similarly, only 30% believe this will 
encourage environmental sustainability whereas 50% disagree completely. Therefore 
although it is recognised that stakeholder conferences can be important within industry, 
their effectiveness within the policy design process remains ambiguous. Instead, 
perhaps a permanent stakeholder forum should be established to be involved in policy 
and regulatory development and implementation, which could also ensure more good 
quality data by targeting specific experts with consultations. However, as this was not 
included within the original framework or considered within the questionnaire, this 
option is to be given a low priority. 
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Policy and Regulatory Statement 24 
National Buses Biofuels Fleet 
Market Penetration Environmental Sustainability 
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50% of respondents believe this is a good mechanism for encouraging market 
penetration, as 'niche markets are appropriate for demonstration'. However, 'it is 
important to make sure the economics make sense' before•  this is implemented. 
Furthermore, only 30% of respondents believe this will encourage environmental 
sustainability. However, this judgment is based upon the currently available biofuels 
whereas the author proposes that this mechanism be used in conjunction with the 
mandatory sustainability criteria of P05 and P09. Therefore, although the overall 
impact upon environmental sustainability may seem minimal in consideration of the 
overall market, this would ensure that demonstration projects utilising more 
environmentally sustainable fuels are making headway. For example, this could be 
implemented under the European BEST project (Bioethanol for Sustainable Transport), 
91  which has 138 buses in projects using E95 and E100 in Europe, China and Brazil. 
Thus, this option is placed within the options of low priority. It is proposed that funding 
be made available for one biodiesel and one bioethanol project initially, for which 
businesses will have to compete and submit a, project proposal to win the grant. After 
demonstration of these projects over a period of one year, this mechanism should be 
reviewed on a cost-benefit and environmental basis and a decision whether or not to roll 
this out to the rest of the UK should be made. 
91 http://www.best-europe.org/Pages/ContentPage.aTx?id=113   
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Policy and Regulatory Statement 25 
Grant for Taxi Drivers to Convert to Flex Fuel 
Market Penetration Environmental Sustainability 
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70% of respondents believe this will encourage market penetration, although only 40% 
believe this will encourage environmental sustainability. However, subject to effective 
mandatory sustainability criteria (P05 and P09 in line with the EU RED) being in place 
for the biofuels used, it is submitted that this mechanism could be 'a good start for 
targeting niche markets'. For these reasons this mechanism is placed within the low 
priority options. It is proposed that funds be made available for 1% of all the available 
taxi fleet in the UK on a first-come, first-served basis, as an initial demonstration 
project; with an annual review to examine the effectiveness of this mechanism. 
Policy and Regulatory Statement 26 
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70% of respondents believe this will encourage both market penetration and 
environmental sustainability, 'as long as effective sustainability criteria are mandatory 
for the fuels used'. As with the previously discussed mechanisms, targeting niche 
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markets 'is an effective way to further the biofuels market' in the UK, which are ideal 
for demonstration. It is proposed that the Government Car Fleet be fuelled by 
domestically produced biofuels, which meet the sustainability criteria laid out in P05 
and P09. For such reasons, this mechanism is placed within the medium priority 
options. Furthermore, this mechanism should be reviewed within one year, with the 
possibility of introducing FFV into the Government car fleet. 
SECTION SIX: CARBON ECONOMY 
Policy and Regulatory Statement 27 
Post-Kyoto Interaction 
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Most respondents (80%) are unsure whether this mechanism will encourage market 
penetration within the UK, as 'the effectiveness of international agreements in 
stimulating large-scale biofuels development is ambiguous'. However, 40% of 
respondents believe this will stimulate environmental sustainability, 'as long as the 
biofuel issue is used to generate a wider understanding of the difference between 
national and supply chain-specific GHG accounting'. For these reasons, it is submitted 
that this is a low priority option within the UK regulatory paradigm for biofuels at the 
present time. However, this is increasingly important in the development of an 
international agenda for low carbon technologies and climate change mitigation overall. 
Therefore, it is submitted that whilst this should not take a priority position with the 
biofuels framework, the UK should press the EU to use its influence to bring this matter 
to the table in ongoing international agreements aimed at environmental sustainability, 
incorporating sustainable biofuels. 
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9.3 	ORIGINALITY OF THE RESEARCH 
It is submitted that the originality if this work can be divided into three parts: 1) 
methodological originality; 2) originality of empirical material and data: and 3) 
originality of 1 and 2 in the process of policy learning and design. Each of these three 
facets was encompassed in the following: 
9.3.1 Drivers and barriers 
The drivers and barriers analysis for this research extended and improved upon the work 
of other authors by compiling an up-to-date critique. In addition, an innovative 
methodology was devised to test theoretical factors, which were previously ignored in 
the literature and policy and regulatory design process. This methodology allowed the 
author to not only test the drivers and barriers identified in Chapter Four but also 
account for these in the policy framework of Chapter Eight, further underlining the 
novel approach to the research. 
9.3.2 A Framework for Policy Analysis and Sustainability 
Following a review of existing approaches to ex post evaluation of biofuels policy, 
which remain limited, an innovative framework for analysis was developed. The 
framework not only examined transposition and implementation results, as previous 
cases of RIA and CBA had done, but encompassed aspects such as the relationship 
between imports and domestic production, as a result of policy implementation. 
Moreover, the framework measured the dominant biofuel consumed in the case study 
countries against three sustainability indictors and in doing so offered a modest insight 
into the environmental sustainability of the lead policy mechanism; presenting an 
inventive deviation away from the existing approaches to ex post biofuels policy 
evaluation. As such, this demonstrates that evaluations can be undertaken in a 
systematic manner through the application of sustainability criteria; promoting 
environmental sustainability through policy. 
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9.3.3 Case Studies 
The research offers a critical analysis of the policy and regulatory regimes for biofuels 
in the UK, US and Brazil, which had not been previously attempted based upon the 
methodology designed for the task, i.e. specifically focusing on drivers and barriers and 
sustainability indicators. Moreover, the comparative and criteria-based approach of this 
study was original in its design and a novel approach to policy evaluation; as the 
research data and critique was largely based on an empirical evidenced-based analysis. 
Furthermore, this thesis demonstrates that comparative analysis of differing drivers and 
barriers, as well as policy mechanisms across countries provides a sound basis for the 
identification of key features within a successful policy and regulatory framework. 
9.3.4 Stakeholder Engagement 
Stakeholder engagement is an essential component of the methodological framework. 
The purpose of this was to gain expert opinion on policy and regulatory mechanisms in 
various jurisdictions; as well as validation of the drivers and barriers for Chapter Four. 
Moreover, stakeholder engagement allowed for validation of the policy framework 
presented in Chapter Eight. Such a process ensured a level of authentication beyond 
that of purely theoretical research and provided justification for a new policy and 
regulatory design. 
9.3.5 Proposal for a Policy and Regulatory Framework for Biofuels 
When the idea for this research was conceived policy and regulatory frameworks were 
largely technology-blind. An original aspect of the research concept is therefore the 
development of a framework aimed at better environmental sustainability and thus 
technological innovation. The policy and regulatory framework presented in Chapter 
Eight achieves this - by building upon the competence-base developed by earlier models 
and the empirical research conducted throughout the PhD process, the author has 
formulated a policy design that is detailed and specific to promoting environmental 
sustainability, including for the next generation of biofuels; not merely production and 
consumption targets as previous models had done. 
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9.4 	LIMITATIONS OF THE RESEARCH METHODOLOGY 
As with any form of investigation, there are restrictions in terms of the practical 
undertaking of the research, time, and limitations within the analysis. With regards to 
the drivers and barriers analysis, one recognises that the factors influencing the biofuels 
industry are always changing, and continual updates are necessary if this is to remain 
up-to-date and the UK is to attain a leadership role in biofuels policy and regulatory 
design. The drivers and barriers section of this thesis was undertaken in the early stages 
of PhD research, therefore updates will already be necessary. This is a problem not just 
for this research but extends to the whole policy design process, as policy typically 
takes a long time to be implemented. 
With regards to the framework for policy analysis and sustainability, and its application 
in the case studies, this too presents limitations. Case studies inherently only involve a 
limited number of examples from which to draw conclusions and thus the analysis of 
policy instruments was limited to the main policy or regulatory options chosen in each 
country, limiting a fuller analysis of the smaller supporting policy choices. Moreover, 
only three case studies were manageable within the constraints of PhD research, 
whereas the inclusions of more cases may have provided a greater evidence-base. 
The sustainability methodology fails to account for the full array of direct and indirect 
effects that the implementation of policy could have on not only environmental 
sustainability, but also social and economic sustainable development. One recognises 
that if more sustainability criteria were included a greater evidence-base could have 
been achieved; however, this was not possible given the length and time of the PhD 
research. Moreover, the research does not consider the wider benefits of biofuels, nor 
conduct a full cost-benefit analysis of the policies for biofuels as compared to other 
carbon mitigation approaches; however, policy decisions for biofuels should take these 
into account. 
The use of stakeholder feedback in relation to the policy and regulatory framework 
proved to be a highly beneficial approach in terms of validating the drivers and barriers, 
as well as the key recommendations arising from this thesis. However, this process also 
proved to be challenging, as responses were limited from certain sectors. 
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9.5 	CHAPTER SUMMARY 
This chapter has discussed the key themes and findings arising from the research in 
relation to each of the five research questions, further discussing why these results are 
important and the significance of these within the biofuels regulatory debate. In 
addition, it has explored stakeholder feedback in relation to policy and regulatory 
recommendations, as well as the originality and limitations of the methodological 
approach. In doing so, this chapter has presented the major findings of this PhD. 
Consequently, it has brought all of the elements of research together, presenting 
evidence which proves the hypothesis that 'existing regulatory and supporting policy 
frameworks fail to take account of all the practical and theoretical drivers and barriers 
affecting the biofuels sector and are consequently inadequate to the task of placing 
biofuels on an environmentally sustainable trajectory'. Accordingly, this chapter has 
paved the way for the final chapter of this thesis, in which conclusions and 
recommendations for further research are presented. 
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10 CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER WORK 
10.1 INTRODUCTION 
The final chapter of this thesis presents the key conclusions arising from this empirical, 
ex post, evaluation of biofuels policy and regulation; and its consequent application in 
the design of a new policy and regulatory framework for the UK. 
10.2 MAIN CONCLUSIONS 
10.2.1 EU Regulatory Paradigm 
EU policies and Directives, in particular the EU Biofuels Directive and the 
Renewable Energy Directive, act as top-down institutional drivers for the 
market penetration of biofuels in many MSs. However, the influence of the 
EU regulatory paradigm is not equal across the EU-bloc, resulting in a non-
harmonious biofuels market. Moreover, incentives at the EU-level are 
insufficient to stimulate technological innovation towards the more advanced, 
environmentally sustainable biofuels. By implementing the sustainability 
criteria specified within the EU RED in the UK, this strengthens this driver 
and promotes environmental sustainability. 
10.2.2 Practical and Theoretical Drivers and Barriers 
Drivers and barriers to policy implementation and market development are 
country-specific and, although there is an over-lap in some areas, differ by 
jurisdiction. Moreover, there is no one key driver or barrier that results in 
either successful (or failure of) policy implementation and market penetration 
of biofuels, it is a combination of all factors working together. For example, 
environmental, institutional, economic, technical, social and carbon economy 
issues all influence biofuels market penetration and environmental 
sustainability. 
Empirical analysis illustrates that there are fundamental practical drivers and 
barriers for biofuels, the most important drivers of which are climate change, 
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energy security and economic rural development; whereas the most important 
barriers are a lack of sustainability certification, land-use conflicts and 
economic cost. These drivers are strengthened and barriers addressed through 
the many incentives suggested within the Policy and Regulatory Framework, 
which specifically promote market penetration through a Biofuels Obligation 
Scheme (P01) and a Small Producer Tax Credit (P02) and environmental 
sustainability through Mandatory GHG Emissions Reduction (P05) and 
Sustainability Criteria (P09). 
Empirical analysis herein highlights a number of theoretical drivers and 
barriers that have not been measured previously in academic research. Some 
of these factors are proven in the case studies and thus reinforce academic 
research; however some of these are shown to have no influence in the case 
studies, thus disproving academic theory. In spite of this however, some of 
the disproven drivers and barriers, upon closer consideration, are important to 
consider in the design of a new policy and regulatory framework, particularly 
in light of energy security and environmental sustainability goals. For 
example, social drivers are addressed through the Information Campaign 
(P021) proposed herein, whereas Infrastructure barriers are addressed through 
the proposal for the Oil Majors to Invest in Infrastructure (P018). 
10.2.3 Case Study Empirical Analysis 
Policies, as well as markets, influence the development of the biofuels 
industry and political commitment to biofuels from the national Government 
is essential for the foundation of a successful biofuels sector. This notion is 
reinforced through the policy and regulatory framework suggested herein. 
Fuel duty reductions are an effective incentive to stimulate market penetration 
of biofuels; however, these are considered inadequate to support biofuels for 
the long-term, due to a lack of market certainty. Moreover, these are not 
considered effective at encouraging the most environmentally sustainable 
fuels. 
An obligation scheme, which provides binding targets, provides greater 
certainty to producers and suppliers that there will be an end-market for their 
product; and thus ensures supply and demand are satisfied. However, without 
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specific sustainability criteria written into law, this mechanism will not 
encourage technological innovation or environmental sustainability. This 
lesson is taken forward to the suggestion that a Biofuels Obligation Scheme 
(P01) be implemented in parallel within a Mandatory GHG Emissions 
Reduction Scheme (P05) and a Mandatory Sustainability Scheme (P09); these 
measures will ensure not only market penetration but also that the most 
environmentally sound fuels are used. 
The experiences of the UK, US and Brazil reinforces the concept that 
successful policy options to support biofuels market penetration take a number 
of forms, including credit guarantees, direct government funding or capital 
grant projects to increase capacity or upgrade distribution networks; 
consumption mandates for government fleets, or low-interest loans. It is the 
combined effect of all of these mechanisms within the overall framework 
which results in successful market development. This concept is further 
reinforced through the array of policy and regulatory measures suggested by 
the author for use in the UK, including the priority hierarchy assigned to 
proposed policy and regulatory measures. 
R&D brings down costs. Experience herein illustrates that production-
orientated research is instrumental in bringing down the average costs of 
producing biofuels. The largest cost component of biofuels is the feedstock, 
thus research into higher yields of feedstock can achieve substantial 
reductions. This lessened the importance of the excise subsidy in the US and 
allowed funds to be diverted to other areas of the industry. A similar effect 
could be seen with advanced technologies, whereby further R&D could result 
in significant breakthroughs and reduced costs for the UK. A prudent strategy 
is therefore to keep a competent and well-trained scientific workforce. This 
initiative is strengthened by the R&D proposed within the policy and 
regulatory framework herein; more specifically, P012, P016 and P019, 
which focus on Carbon and Sustainability Research, Life-Cycle Energy 
Balances and Advanced Biofuels, respectively. 
It is far from clear whether or not the production of biofuels in the UK (or 
elsewhere) will be environmentally benign. For example, one of the 
justifications behind biofuels subsidies is that biofuels reduce GHG emissions 
relative to fossil fuels. However, once direct and indirect effects are taken into 
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account, the amount of GHG emissions saved over a fuel's life-cycle varies 
significantly depending upon feedstock choice and production pathway. This 
contradicts the policy objectives of climate change mitigation and provides 
evidence that the feedstock choice is paramount if biofuels are followed for 
this reason. This judgement is strengthened by the Mandatory GHG 
Emissions Reduction Scheme suggested herein (P05), in which specific 
pathways are targeted through their ability to achieve a specified level of GHG 
emissions. 
The land-use debate is still far from resolved. The evidence herein indicates 
that an increased demand for biofuels can result in direct and indirect land-use 
change occurring. This can have serious repercussions for food and the 
environment and therefore needs to be closely monitored; with advice sought 
on the amount of land that can be diverted to energy purposes without causing 
detrimental harm elsewhere. This concept is reinforced through the Voluntary 
Sustainability Criteria (P010). However, the effectiveness of voluntary 
measure remains ambiguous and therefore further Sustainability Research 
(P012) is proposed herein, in which the ongoing land-use debate is targeted in 
terms of its implications for biofuels penetration from within and without the 
UK. 
The effect of biofuels production on water availability is region-specific. 
Given that the agricultural sector is already facing potential stresses with 
regards to water availability in certain regions, it is imperative that any future 
policies encourage the use of more sustainable, less water-intensive 
technologies. These should include best practice guidelines, and focus on the 
importance of placing biofuels facilities in areas of high rainfall, or where 
water is in abundance. This concept is not included within the sustainability 
criteria of the EU RED and thus this cannot be included within the mandatory 
sustainability criteria within the UK. Consequently, this barrier is addressed 
through the Voluntary Sustainability Criteria included within P010. 
However, the effectiveness of voluntary criteria remains ambiguous and 
therefore this is an area where future policy research is needed, within the UK 
and EU. 
FFVs have an important role to play in furthering the biofuels industry in the 
UK, especially given petroleum price fluctuations and their ability to use 
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higher blends of biofuels. The US and Brazilian Governments successfully 
worked in cooperation with car manufacturers to support the development and 
market penetration of FFVs; and any policy framework for biofuels should 
include these as a key component. This lesson is carried through to the 
Subsidies for FFVs (P020) within the policy and regulatory framework 
herein. However, barriers to the use of FFVs prevail; such as fuel availability 
and information availability to the public. These barriers are addressed 
through the Refuelling and Infrastructure Grants (P017) and the consumer-
orientated Information Campaign (P021) proposed herein. 
Export markets can prove to be a highly profitable business, with the US and 
Brazil emerging as important players in biofuels world trade. Although 
becoming reliant upon another country for energy once again puts nations at 
the mercy of potential threats to supply, trade in biofuels can be an 
economically successful industry. In Brazil, domestic conditions allow the 
country to produce enough ethanol to supply its own energy needs, with 
significant amounts still available for exports. This is particularly important 
for an economy-in-transition and could be further utilised through carbon 
economy initiatives, to benefit both developing and developed countries. 
10.2.4 Design Elements of a Policy Framework aimed at Environmental Sustainability 
There are a host of policy and regulatory options which will encourage market 
penetration and environmental sustainability within the UK. However, 
although these form a mixed-instrument approach, certain mechanisms need to 
be prioritised and are classed as essential, whereas less important mechanisms 
may need to wait for additional justification of their benefits. 
To address institutional issues, a Biofuels Obligation Scheme (P01), in which 
mandatory targets are set for the national consumption of biofuels, is essential 
for market penetration, as well as a Small Producer Tax Credit (P02), which 
is an appropriate incentive to allow smaller enterprises to enter the market. 
Promoting a change in Fuel Quality Legislation R&D (PO4) will increase the 
blends levels allowable under EU law. For these reasons, these measures are 
included within the top five priority measures for market penetration. Policy 
Implementation Impact Review and Amendment (P03) should also be carried 
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out on an annual basis and is essential to ensure policy effectiveness — it is 
therefore one of the medium priority options for the UK regulatory paradigm 
for biofuels. 
To address environmental issues, it is essential that a Mandatory GHG 
Emissions Reduction Scheme (P05), a Methodology for the Calculation of 
GHG Emissions (P06) and a Mandatory Sustainability Scheme (P09) 
(including the features discussed under the voluntary scheme) be incorporated 
into the biofuels obligation system. These measures are therefore within the 
top five priority options for environmental sustainability within the UK. In 
addition, a GHG Emissions-Related ECA Scheme (P07) and an Advanced 
Biofuels Reward Scheme (P08) would be advantageous in the UK's pursuit of 
environmental sustainability within the biofuels sector. Moreover, although 
some stakeholders may argue that Monthly and Annual Reporting (P011) is a 
burdensome and costly task, it is put forward that this is very important in 
order to monitor progress towards the environmental achievements of policy 
goals. Moreover, Evidence-Based Carbon and Sustainability Research 
(P012) will ensure progress towards the more environmentally sustainable 
fuels. However, given the current financial climate within the UK, these 
incentives are classed as medium priority at the present time. 
To address economic issues, it is suggested that the UK continue to implement 
Agricultural Policy Support (P013) under the EU SPS scheme, as this will 
ensure environmental standards are adhered to for domestic production — it is 
therefore included within the top five priority options for environmental 
sustainability. In addition, Regional Selective Assistance Grants (P015) for 
enterprises meeting mandatory sustainability requirements will ensure market 
penetration of environmentally sound biofuels and is therefore included within 
the top five priority measures for market penetration. An Agricultural 
Information Campaign (P014), whilst advantageous for business promotion, 
may need additional justification on their cost-to-benefit ratio before they can 
be implemented — and is therefore included within the medium priority options 
for the UK. 
To address technical issues, it is essential that the Oil Majors Invest in 
Infrastructure (P018) necessary for advanced biofuels (under the polluter 
pays principle, which would decrease the burden on the tax payer) and the 
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Government promoted R&D into Advanced Biofuels (P019) - and these are 
therefore within the top five priority options for market penetration and 
environmental sustainability, respectively. In addition, R&D: Energy Balance 
(P016) and a Refuelling and Infrastructure Grants (P017) should be 
promoted increase the availability of biofuels across the country, as well as 
Subsidies for FFVs (P020), which are all medium priority options for 
encouraging environmentally sound biofuels in the UK. 
In order to address issues surrounding social and stakeholder interaction, it is 
also very important that niche markets be targeted and for this reason, the use 
of biofuels in the Government Car Fleet (P026) should be included within the 
medium priority options for the UK. Furthermore, an Information Awareness 
Campaign for consumers (P021), a Biofuel Pump Labelling Scheme (P022), 
a National Biofuel Bus Fleet (P024), as well as Grants for Taxi Drivers to 
convert to Flex Fuel (P025), are all advantageous incentives but may further 
justification on a cost-benefit basis — and are therefore included within the low 
priority options for the UK regulatory paradigm. It is submitted that whilst 
Stakeholder Conferences (P023) are useful in research, many stakeholders 
feel their effectiveness at encouraging market penetration and environmental 
sustainability is minimal — this measure is therefore dropped. 
To address the carbon economy, it would be advantageous if the UK worked 
in cooperation with the EU and international governments in Post-Kyoto 
Interaction (P027), in order to place biofuels and sustainability criteria into a 
new international regime. This is therefore promoted within the medium 
priority options for the UK regulatory paradigm for biofuels. 
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10.3 RECOMMENDATIONS FOR FURTHER RESEARCH 
This study has formed the basis for further policy research activities, both within the 
methodological field and in relation to specific material within the case studies; as well 
as specifically in relation to the Policy and Regulatory Framework. 
10.3.1 Methodological and Case Study Material Further Research Recommendations 
Firstly, one recommends the drivers and barriers analysis be both extended 
and updated with the involvement of stakeholders; as this is a field that is 
constantly changing and evolving as industry grows. 
This study was limited in the scope of policy mechanisms it could study in 
relation to the various points along the supply chain, therefore a second 
recommendation is a more in-depth evaluation of the additional policies that 
could be implemented over the entire supply chain for the UK, involving more 
interaction with stakeholders to gain industry feedback and further evidenced-
based research in this area. 
This study was limited to three sustainability indicators; therefore a third 
recommendation is that a full sustainability analysis of the various feedstock 
choices and production pathways is needed, in order to set policy targets in 
relation to the most environmentally sound fuels. 
A fourth recommendation is that additional research is needed on how to 
improve the quality of data used in instrument design and how to further 
incorporate results of a full sustainability analysis of the fuels which would be 
used to fulfil policy targets (above). This would better prepare policy makers 
and enable them to stay at the forefront of sustainable policy design in the 
years ahead. 
A fifth recommendation is for a further study of the science-industry-
government relationship, in order to determine the extent to which policy 
makers consider the environmental and scientific facts before implementing a 
policy. 
A sixth recommendation is that further research should investigate the role of 
the UK as a key facilitator for policy changes towards sustainable 
development in the EU, as well as internationally, as policy changes will only 
achieve the desired results if all governments start to implement schemes in 
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the same direction. This would be particularly useful at both the national and 
international scale, by contributing to the ongoing policy debate for climate 
change mitigation, energy security and renewable energy strategies. By 
improving the quality of the primary legislation this should improve the 
outcome of the environmental policies. 
10.3.2 Policy and Regulatory Framework Further Research Recommendations 
A seventh recommendation is that the theme of both ex ante and ex post 
biofuels policy evaluation be carried forward. For example, there is a need for 
a full ex ante RIA regarding the implementation of the new policy framework 
for the UK. This should include further research into the consequences, 
intended or not, of the current support policies for biofuels and the effect a 
change in the policy regime would have; including an economic analysis of 
alternative biofuel targets within the framework. 
An extension of this and an eighth recommendation is that ex post research 
examines impacts beyond domestic transposition; for example, to account for 
reasons why a policy framework or specific mechanism may fail or succeed 
and translate this into future policy design-research. 
This study highlights the limited availability of literature relating to the impact 
of biofuels policy on sustainable development goals. Although this is a new 
area of research, the very nature of biofuels usage as environmental policy 
means that there are a significant number of areas that require additional 
investigation. A ninth recommendation is therefore the creation of a greater 
knowledge and research evidence-base on the impact of the policy and 
regulatory framework suggested herein on the social, economic and 
environmental spheres of sustainable development. 
A tenth recommendation is for further research into the ILUC debate, 
specifically taking into account land-use within the UK, as well as how to 
calculate GHG emissions taking indirect land-use change into account. 
Furthermore, greater research is needed into the inclusion of a greater amount 
of sustainability criteria, such as water availability, within the mandatory 
scheme. 
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An eleventh recommendation is greater research and evidence on the 
relationship between the marginal effects of increasing UK biofuels 
production and the effects that this would have on UK agricultural supply; 
especially in light of energy security concerns and the need for greater 
domestic production. 
10.4 THESIS SUMMARY 
Ex post evaluations of biofuels policy and regulatory frameworks have thus far been 
limited. Moreover, they have failed to examine fully drivers and barriers, which may 
push for, or hinder, policy implementation; as well as the environmental sustainability 
of the fuels used to fulfil policy targets. This research and the analyses presented in 
Chapters Four to Seven, demonstrate the utility of such an evaluation when taking these 
concerns into account and comparing different country regimes. Indeed, the process of 
ex post biofuels policy evaluation has proved to have immense worth in the policy 
process. As this thesis has demonstrated, when undertaken in a systematic and rigorous 
manner, it can lead to the identification of positive and negative elements within current 
policy and regulatory design and subsequently inform the development of a new policy 
and regulatory framework, one aimed at integrated environmental sustainability and 
technological innovation. 
However, no matter what regulations are put in place, experience has demonstrated that 
biofuels are not a panacea for economic rural development, energy security or climate 
change mitigation; they only have a part to play in the myriad of measures that should 
be implemented for these issues. Moreover, no matter what legislation in put in place, 
increased driving, even with biofuel blends, increases fossil fuel consumption through 
the production and processing of vehicles as well as their use. Therefore whilst biofuels 
offer a perhaps better environmental alternative to fossil fuels in the transport sector if 
the appropriate legislative regime is in place, the key to alleviating the impact of this 
sector is behavioural change, less private, individual travel and innovation towards 
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ANNEX 1: BASIC POLICY SURVEY 
Basic Policy Survey 
The use of biofuels is developing favourably worldwide. Many European countries, Brazil and the United States along with a growing number of 
countries in SE Asia are now pinning their hopes on biofuels. As such, various legislative actions and initiatives have been undertaken in order to 
facilitate the uptake of biofuels. Policies and regulations have been essential in the implementation of the use of biofuels and will continue to be 
important in the future. 
This short survey wishes the reader to consider which policy proposals have had/will have the most influence or positive impact in PROMOTING 
INNOVATION AND MARKET PENETRATION. Compare the "Policy/Initiatives" to others within the given "Jurisdiction" (i.e. EU, UK, 
International, Australia, Brazil, USA and Canada) in order to rank them. Use a simple scoring system (1 = best and so on) where the relevant score 
(e.g. 1, 2, etc.) appears in the corresponding box under the column "Score". Under the column headed "Basic Reason", give a basic reason or two 
indicating why you scored the corresponding "Policy/Initiative" as you did. This is so that the author may create a hierarchy of the most significant 
initiatives and policy mechanisms that have been implemented at the UK, EU or international level. It will also facilitate more targeted research aimed 
at promoting best policy and regulatory practise in the UK, the EU and other Member States. This will allow to research to be focused more 
specifically in terms of which context my policy analysis should be undertaken. 
Notes: Please take five minutes of your time to fill in the columns in the right hand side of the table. Any comments or suggestions are welcome. 
I will distribute all of the results to you. Thank you for taking the time to complete this survey 
Summary of the main country-specific biofuels initiatives: 
Jurisdiction Policy/Initiatives Score Basic Reason 
UK 
1.  Fuel Duty Differentials 
2.  Capital Grants 
3.  Enhanced Capital Allowances 
4.  Government Grants Programmes 
5.  Renewable Transport Fuels Obligation from 2008 
EU 
1.  Directive 2003/20/EC: Promotion of Biofuels 
2.  Directive 2003/96/EC: Energy Taxation 
3.  Directive 1998/70/EC: Fuel Quality 
4.  EU Strategy for Biofuels 
5.  Common Agricultural Policy (CAP) Reform and Energy Crop Payments 
6.  New Initiatives as of July 2006: 
— 	BEST: Bioethanol for Sustainable Transport 
— 	BIOGASMAX: Biogas Market Expansion to 2020 
— 	CAP-CEB 
International 
1.  The Kyoto Protocol; CDM & JI 
2.  United Nations Conference Trade And Development (UNCTAD) 
Biofuels Initiative 
3.  Global Bioenergy Partnership 
Australia 1. Government Biofuels Initiative 
2. Ethanol and Biodiesel Production Grants 
3. Biofuels Capital Grants Program 
4. Fuel Excise 
5. Ethanol Distribution Program 
Brazil 
1. National Fuel Alcohol Programme - Proalcohol 
2. Biofuels Initiative 2005 
3. Ethanol-blending petrol provisions 
4. Tax Reductions 
5. Biodiesel Support Programme 
USA 
1. Fuel Duty Incentives 
2. Assistance Grants 
3. Clean Air Act Amendments & Energy Policy Act 1992 
4. Energy Policy Act 2005 
Section 932. Bioenergy Program 
Section 941. 	Amendments to the Biomass Research and Development Act of 
2000. 
Section 942. Production Incentives for Cellulosic Biofuels. 
Section 977. Systems Biology Program. 
Section 1501. Renewable Content of Gasoline (Renewable Fuels Standard). 
5. Renewable Energy Production Tax Credit 
6. The 2002 Farm Bill 
7. State and Private Biomass Initiatives 
Canada 
1. Renewable Fuels Standard 
2. Federal Excise Tax Exemption 
3. Biodiesel Initiative 
4. ADAPT Funding for Biofuels Initiatives: Biofuels Opportunities for 
Producers Initiative 
5. The National Biomass Ethanol Programme 
ANNEX 2: DRIVERS AND BARRIERS, SURVEY (2007) 
INTRODUCTION  
Biofuels markets remain small in comparison to energy supplied by conventional fossil fuels to the transport sector in the EU. This will not change 
unless the systems of incentives changes. In this regard, in May of this year (2007), the EU Presidency Conclusions set a 10% binding minimum target 
to be achieved by all Member States for the share of biofuels on overall EU transport petrol and diesel consumption by 2020. In particular, barriers (i.e. 
technology availability etc), if not tackled, may pose significant problems for the development of transport-related biofuels throughout the EU in 
coming decades. If biofuels are going to fulfil their potential, they need to attain a larger market share. Thus, there is a need for a model regulatory 
and policy biofuels framework so that stakeholders will be sufficiently stimulated to advance the development and implementation of second 
generation technologies. 
The purpose of this survey is to present the reader with a comprehensive list of drivers and barriers that apply to the uptake of biofuels technologies in 
Europe. This is so that the reader may then rank the appropriate drivers and barriers and that this information may be used at a later stage in college-
based research where the efficacy of these drivers and barriers will be tested through evidence-based policy analysis. This is with a view to designing 
the next steps in the regulatory and policy process for biofuels within the European Union. 
We will distribute all of the results to you, at a later date. 
Thank you for taking the time to complete this survey. 
SURVEY INSTRUCTIONS 
This short survey asks the reader to consider which drivers and barriers are most relevant when discussing innovation and market penetration of 
biofuels technologies in Europe. Drivers are discussed as factors that encourage innovation in biofuels whereas barriers are meant as factors that 
discourage the uptake of biofuels technology and therefore hinder any innovation activities in this field. Certain categories of the two factors can be 
largely interlinked. By this, we mean that many factors promote the uptake of biofuels technology and further development but can also act as a barrier 
in some circumstances. For example, petroleum prices may act as either a driver or a barrier to biofuel technology penetration when such prices are 
either high or low respectively. We have attempted to separate the many drivers and barriers into categories. 
Please consider the level of importance of each driver or barrier, i.e. drivers are ranked from 1-10; barriers are ranked from 1-11. Within each 
category, then please rank each driver and barrier in descending order from the most important, 1 being the most important, and mark the appropriate 
number in the box marked 'Ranking'. Under the column headed "Basic Reason", give a basic reason or two indicating why you ranked the 
corresponding 'driver or barrier' as you did. 
For example: 
Category Driver or Barrier 
Ranking within category (i.e. Category 
1= Drivers; Category 2 = Barriers). 
Basic reason 
Environmental Drivers Driver X 1 Because... 
Driver X 
	
2 	 Because.... 
SURVEY 








Other environmental benefits i.e. local 
air quality benefits 
Economic Drivers 





Technological 	developments 	(and 
their ability to solve environmental 
problem) _ 
Energy savings offered with biofuels 
Biofuel production potential (in the 
EU) 
Infrastructure usage i.e. compatibility 




Public attitudes i.e. people care for the 
environment 
Environmental issues i.e. NGOs are 
sceptical about environmental effects 
of all biofuels 
Lack of sustainability assurance 
Economic Barriers Biomass prices/costs 
Cost per tonne 
Additional costs 




Market 	availability 	i.e. 	are 	the 
biofuels actually there to buy 
Technical Barriers 
Energy savings 
Land 	availability 	(in-country 
(compared to other uses) 
Technology availability i.e. 	existing 
vs. future technology choices 
Production 	and 	infrastructure 	i.e. 
whether biofuel use is compatible 
with existing infrastructure 
Competition for resources with other 
industries rather than for transport i.e. 
electricity for himes; heat and power 
Social Barriers 
Public perception i.e. that biofuels are 
bad for the environment and land-use 
Lack of information available to the 
public about biofuels 
Additional comments i.e. general or specific in relation to either drivers or barriers or the ranking exercise: 
ANNEX 3: THEORETICAL DRIVERS AND BARRIERS ANALYTICAL FRAMEWORK 
DRIVERS AND BARRIERS 
In addition to the proven drivers and barriers previously discussed in Chapter Four, the implementation of the theoretical drivers and barriers 
methodology highlighted a number of issues that could be proven in each country but also a number of factors that, although there is no evidence to 
their influence, should be considered in a revised policy framework for biofuels. In this section the analysis of the drivers and barriers is brought 
together and completed, the focus of which is Tables 21 (below), which highlight the factors for consideration on the subsequent policy framework. 
Table 21: Theoretical Drivers and Barriers for Consideration in Biofuels Policy Framework 
DRIVERS 










The production and use of biofuels provides other 
environmental benefits, such as local air quality benefits and 
F F T Y 




International environmental governance by means of setting 
policies and regulations, such as the Kyoto Protocol, stimulates 
the production and use of biofuels. 
T F F Y 
R&D 
R&D sponsored by national governments demonstrates a 
commitment from the government to invest in biofuels, thus 
stimulating sustainable innovation in this field from a 
technology push to a technology pull. 
F T T Y 
Interaction with 
new parties and 
policies 
The development of a policy and regulatory framework for 
biofuels leads to cooperation with other political fields, such as 
forestry and food crops. 
F F F Y 




The production and use of biofuel technologies produces a 
positive net energy balance. 
F 	F T Y 
Technology 
culture 
Our technology culture looks to technology as a solution to 
problems, such as emissions from road transport, and thus 
stimulates sustainable innovation in biofuels development. 
F 	F T 
Production The EU has the capacity to indigenously and sustainably F 	T T Y 
potential produce the level of biofuels required by current, and future, 
policy, without causing unacceptable harm to the environment 




Biofuels, in pure form or as a blend, can be used in existing 
motor vehicles and use the current fuel distribution system. 
F F T Y 
Social Public perception 
There is strong public support and lobbying for biofuels, 
resulting in sustainable innovation of these fuels. 




The Kyoto Protocol calls for precautionary technologies, 
resulting in CDM and JI biofuel projects. 
F F F Y 
BARRIERS 






Y/N Y/N Y/N Y/N 
Institutional 
Political risk 
The nascent biofuels industry is uncertain and risky, 
discouraging sustainable innovation in this field. 
F F F N 
International International environmental governance, in the form of the F F F Y 
governance Kyoto Protocol and its tradable mechanism, is not sufficient 
enough to drive global, sustainable innovation of biofuels. 
Economic Economic risk 
The nascent biofuels industry has high investment costs with 
significant economic risk, which discourages investment and 
thwarts sustainable innovation. 
T F F Y 
Petroleum prices 
Low petroleum prices discourage the production and use of 
biofuels. 
F T T Y 
Additional costs 
Additional costs associated with the development of the 
biofuels industry, such as changes to infrastructure or 
additional storage facilities, discourages their production and 
use and thus sustainable innovation in this field. 




The availability of second generation biofuels T T T Y 
Fuel Availability 
The availability of biofuels, particularly higher blends such as 
E85, is hampering the - US 
T Y 
Social Public perception 
Public perception of biofuels is negative, due to, inter alia, 
landscape intrusion, and few are willing to pay a premium for a F F T Y 
lower GHG fuel, thus limiting demand and discouraging 
sustainable innovation in this field. 
Information 
availability 
A lack of education campaigns and information made available 
to the public regarding biofuels results in a negative image of 
these within society, and consequently discourages sustainable 
innovation and demand. 




The complexity of designing methodologies for CDM and JI 
projects has resulted in no projects being approved and 
thwarting sustainable innovation in this context. 
F F F Y 
ANNEX 4: POLICY FRAMEWORK SURVEY 
PROPOSAL FOR A NEW POLICY FRAMEWORK ON THE PRODUCTION AND CONSUMPTION 
OF ENVIRONMENTALLY FRIENDLY BIOFUELS FOR ROAD TRANSPORT 
INTRODUCTION:  
Biofuels markets are increasing the world-over in response to energy security, climate change and economic rural development drivers, as well as 
strong legislation and policy. However, the majority of policy and regulatory paradigms implemented thus far have merely focused on increasing 
consumption targets at the expense of environmental sustainability. The result is that many countries, including the UK, rely upon cheaper, imports to 
meet their domestic targets without asking whether they are environmentally sustainable. As research such as the Gallagher Review (UK RFA, 2008) 
and Searchinger et al. (2008) have highlighted, biofuels are not in fact 'carbon neutral' or environmentally benign. Policy and regulatory measures 
must be tailored specifically for this purpose. 
SURVEY:  
The objective of this survey is to present the reader with a comprehensive list of POLICY OPTIONS which could stimulate the biofuels industry in the 
UK. The survey then wishes the reader to consider which policy mechanisms will have the most influence upon DOMESTIC MARKET PENETRATION of 
biofuels, as well as ENVIRONMENTAL SUSTAINABILITY. Such information will allow all stakeholders to identify the most relevant policy mechanisms 
in this regard, as we embark upon the next policy and regulatory process for biofuels within the UK. 
I will distribute all of the results of this research to you if you so indicate. 
Thank you for taking the time to complete this survey. 
SURVEY INSTRUCTIONS:  
COLUMN 1:  Column 1 features 6 SECTIONS; for example, Si — Institutional etc, listed from Si up to S6. 
COLUMN 2:  Each Section is then divided into a number of POLICY OPTIONS; for example, P01 Biofuels Obligation Scheme, P02 Small Biofuels 
Producer Tax 	Credit, listed from P01 up to P028. 
COLUMN 3: Each Policy Option is then followed by a sentence or two stating the POLICY OBJECTIVE of each measure. 
COLUMN 4:  In Column 4, headed VALIDATION, select 1 of the 5 multiple choice options (below) in respect of the following statement: "This policy 
option (PO) 	will have a positive impact upon: 
1. Market Penetration (marked MP); and 
2. Environmental Sustainability (marked ES). 
Multiple Choice Options: 
1. Strongly Agree; 
2. Agree; 
3. Think there is not enough information; 
4. Disagree; or 
5. Strongly Disagree. 
COLUMN 5: In Column 5, headed JUSTIFICATION, please give a basic reason of your choice, if time permits. 
7-- COLUMN I COLUMN 2 COLUMN 3 COLUMN 4 COLUMN 5 
SECTION POLICY OPTION POLICY OBJECTIVE 
VALIDATION 






To specify a mandatory consumption target for biofuels on the 








To provide effective financial assistance for domestic biofuels 









To conduct a regulatory impact assessment of the policy framework 







To conduct R&D into fuel quality issues with higher blends of 
biofuels and use this information to influence an amendment of EU 











To specify mandatory GHG emissions targets for specific fuel 
types, i.e. Conventional Biofuels (40%), Advanced Biofuels (50%), 
and Cellulosic Biofuels (60%). Mandatory targets should be on an 







To provide a methodology for the calculation of GHG emissions to 







To provide enhanced capital allowances for production facilities 
which attain an annual GHG emissions savings, ranging from 65% 
ECA for GHG savings between 0 — 50%, up to 90% ECA for GHG 






To design and implement a reward scheme whereby production 
facilities which produce biofuels with GHG emission savings over 






To specify that all economic operators, producers and suppliers of 




	_.. Scheme RTFO Meta-Standard. 





To specify that all economic operators, producers and suppliers of 
biofuels have the opportunity to report on voluntary sustainability 






To specify that all economic operators, producers and suppliers of 
biofuels report on their monthly and annual compliance in line with 








To commission research into carbon and sustainability issues, 
including methodologies to account for indirect effects related to 
biofuels production; advanced biofuels production chains using 
UK-based feedstocks; criteria and monitoring methods can be used 
to further biofuels sustainability regime; 









To implement the EU CAP in the UK, namely the Single Payment 








To provide information relating to biofuels feedstocks and process 
technologies, government support schemes for biofuels enterprises 







To provide regional selective assistance grants related to job MP 





To work with economic operations, producers and suppliers to 








To commission R&D into biofuels with the most positive energy 







To provide grants for the development of the appropriate refuelling 








To work in cooperation with the oil majors to encourage private 
investment in the necessary infrastructure for lower and higher 







To commission R&D into advanced biofuels production chains, 






To provide a grant of up to 25% for the purchase of FFV and 











To provide information to the public sector relating to the 
environmental benefits of biofuels, technical compatibility with 






To provide mandatory labels at refuelling points concerning the 
presence and/or volume of bioethanol or biodiesel mix, the 






To organise quarterly stakeholder conferences to gain feedback on 







To promote national bus schemes such as the Chipper Bus Project, 




Tax Breaks for 
Tax Drivers 
To provide taxi drivers wishing to change to FFV with grants for 







To introduce FFV and use higher blends of biofuels in the 









To use the progress reports produced for the domestic biofuels, 
GHG and sustainability schemes and use these as evidence to 
influence future international policy. 
MP 
ES 
EXTRA QUESTION:  
Please rank the seven sustainability criteria of the meta-standard in order of importance; with 1 being the most important and 7 the least important. 
SUSTAINABILITY CRITERIA ORDER OF IMPORTANCE (1-7) 
Biomass production will not destroy or damage large above or below ground 
carbon stocks. 
Biomass production will not lead to the destruction of or damage to high 
biodiversity areas. 
Biomass production does not lead to soil degradation. 
Biomass production does not lead to the contamination or depletion of water 
resources. 
Biomass production does not lead to air pollution. 
Biomass production does not adversely workers rights and working 
relationships 
Biomass production does not adversely affect existing land rights and 
community relations. 
